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SUMMARY 

bavin, an«microb lal acC " " ra9men ' ^ °' * 19 «*» adda 

20 X, = LorR; X -I v , c 

X, = L.V.,or F: ^ 

X, = G.R.Kor E; x -GR K T *> ° «■ «■ °- * » « B. 

X,3 = Q.R.LorP; t" * X„=G.AorT : 

i-ii;^ x x ;::, p ; r r Nora 

amino add aequence: differs by at me most bvo amino adds from the 

30 ^^ R -^- K+ ^^K.X,,X,, 2: 
X, = LorR; x - i >/ ■ - 

X. = L,V,lorF; x-RK-w U X 3 -RorK; 

. X, = G.R.Kor E; X-'gr^ p X 6 = K.R.G. M . N o rE; 

wherein 

a 14 - k, |, M, L or V; v« ■ p a u m 

A15 - f, a, H, N or D; 
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X,eS,orL: X l7 = R, H ,QorP; X 18 = lorK. 

In a second aspect the present Invention relates to polynucleotides having a nucleotide 
sequence which encodes for the polypeptide of the invention. 

In a third aspect the present invention relates to a nucleic acid construct comprising the 
5 nucleotide sequence, which encodes for the polypeptide of the invention, operably linked to 
one or more control sequences that direct the production of the polypeptide in a suitable host 

In a fourth aspect the present invention relates to a recombinant expression vector 
compnsing the nucleic acid construct of the invention. 

In a fifth aspect the present invention relates to a recombinant host cell comprising the 
10 nucleic acid construct of the invention. 

In a sixth aspect the present invention relates to a method for producing a polypeptide 
of the invention, the method comprising: 

(a) cultivating a recombinant host cell of the invention under conditions conducive for 
production of the polypeptide; and 
15 (b) recovering the polypeptide. 

Other aspects of the present invention will be apparent from the below description and 
from the appended claims. 



20 DEFINITIONS 

Before discussing the present invention in further details, the following terms and 
conventions will first be defined: 

Substantially pure noly pept irt'L In the present context, the term "substantially pure 
polypept.de" means a polypeptide preparation which contains at the most 10% by weight of 
25 other polypeptide material with which it is natively associated (lower percentages of other 
polypeptide material are preferred, e.g. at the most 8% by weight, at the most 6% by weight 
at the most 5% by weight, at the most 4% at the most 3% by weight, at the most 2% by 
weight, at the most 1% by weight, and at the most %% by weight). Thus, it is preferred that the 

,n n"!f ntia,,y P ° lyPePtWe IS at ' eaSt 92% pUre » ,e - that the P**PeP*to constitutes at least 
30 92/o by weight of the total polypeptide material present in the preparation, and higher 
percentages are preferred such as at least 94% pure, at least 95% pure, at least 96% pure at 
least 96% pure, at least 97% pure, at least 98% pure, at least 99%, and at the most 99 6% 
. pure. The polypeptides disclosed herein are preferably in a substantially pure form In 
particular, it is preferred that the polypeptides disclosed herein are in "essentially pure form", 
U. that the polypeptide preparation is essential* free of other polypeptide material with which 
ft is natively associated. This can be accomplished, for example, by preparing the polypeptide 
by means of well-known recombinant methods. Herein, the term "substantially pure 
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polypeptide" is synonymous with the terms "isolated polypeptide" and "polypeptide in isolated 
form . 



Antimicrobial activity- The term "antimicrobial activity" is defined herein as an activity 
which is capable of killing or inhibiting growth of microbial cells. In the context of the present 
invention the term "antimicrobial" is intended to mean that there is a bactericidal and/or a 
bacteriostatic and/or fungicidal and/or fungistatic effect and/or a virucidal effect, wherein the 
term "bactericide." is to be understood as capabie of killing bacterial cells. The term 
bacteriostatic" is to be understood as capable of inhibiting bacteria, growth, i.e. inhibiting 
growmg bacterial cells. The term "fungicidal" is to be understood as capable of killing fungal 
cells The term "fungistatic" is to be understood as capable of inhibiting fungal growth, i.e. 
.nh.brt.ng growing fungal cells. The term "virucidal" is to be understood as capable of 
-nactivating virus. The term "microbial cells" denotes bacterial or fungal cells (including 



tn the context of the present invention the term "inhibiting growth of microbial cells" is 
■ntended to mean that the cells are in the non-growing state, i.e.. that they are not able to 
propagate. 

For purposes of the present invention, antimicrobial activity may be determined 
according to the procedure described by Lehrer et a/., Journal of Immunological Methods. Vol 
137 (2) pp. 167-174(1991). 

Polypeptides having antimicrobial activity may be capable of reducing the number of 
l.v.ng cells of Escherichia coU (DSM 1576) to 1/100 after 30 min. incubation at 20"C in an 
aqueous solution of 25%(w/w); preferably in an aqueous solution of 10%(w/w)- more 
preferably in an aqueous solution of 5%(w/w); even more preferably in an aqueous solution of 
1 /o(w/w); most preferably in an aqueous solution of 0.5%(w/w); and in particular in an aqueous 
solution of 0.1%(w/w) of the polypeptides having antimicrobial activity. 

Polypeptides having antimicrobial activity may also be capable of inhibiting the 
outgrowth of Escherichia coil (DSM 1576) for 24 hours at 25"C in a microbial growth substrate 
when added in a concentration of 1000 ppm; preferably when added in a concentration of 500 
PPm; more preferably when added in a concentration of 250 ppm; even more preferably when 
added in a concentration of 100 ppm; most preferably when added in a concentration of 50 
ppm; and in particular when added in a concentration of 25 ppm. 

Polypeptides having antimicrobial activity may be capable of reducing the number of 
l.v.ng cells of 8ac/7/us subtilis (ATCC 6633) to 1/100 after 30 min. incubation at 20«C in an 
aqueous solution of 25o/o(w/w); preferably in an aqueous solution of 10%(w/w)- more 
preferably in an aqueous solution of 5%(w/w); even more preferably in an aqueous solution of 
1 /o(w/w); most preferably in an aqueous solution of 0.5%(w/w); and in particular in an aqueous 
solution of 0.1%(w/w) of the polypeptides having antimicrobial activity. 

-3- 
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Polypeptides having antimicrobial activity may also be capable of inhibiting the 
outgrowth of BacIUus subWs (ATCC 6633) for 24 hours at 25"C in a microbial growth 
substrate, when added in a concentration of 1000 ppm; preferably when added in a 
concentration of 500 ppm; more preferably when added in a concentration of 250 ppm- even 
more preferably when added in a concentration of 100 ppm; most preferably when added in a 
concentration of 50 ppm; and in particular when added in a concentration of 25 ppm. 

The polypeptides of the present invention should preferably have at least 20% of the 
antimicrobial activity of the polypeptide consisting of the amino acid sequence shown as amino 
acds 1 to 29 of anyone of SEQ ID NO:1 to SEQ ID NO:57 or amino acids 1 to 19 of anyone of 
SEQ ID NO:58 to SEQ ID NO:69. In a particular preferred embodiment, the polypeptides 
should have at least 40%. such as at least 50%. preferably at least 60%. such as at least 70% 
more preferably at least 80%. such as at least 90%. most preferably at least 95%. such as 
about or at least 100% of the antimicrobial activity of the polypeptide consisting of the amino 
acid sequence shown as amino acids 1 to 29 of anyone of SEQ ID NO:1 to SEQ ID NO:57 or 
amino acids 1 to 19 of anyone of SEQ ID NO:58 to SEQ ID NO:69. 

Fraqment: When used herein, a "fragment" of the amino acid sequence: G-X^X^- 
R-X^-Xs-Xe-K-I-XT-Xa-K-Xa-X^-K-X^-X^-Z; wherein X, = L or R; X 2 = L, V, I or F; X 3 « R or 
K; X^L.V.IorF; X s S R,K,W or G; X, = K, R. G. M, N or E; X, = G,R,KorE- X 8 = G 
R. K or E; X 9 = L or F; X 10 = K or R; X„ = «. L. F. C or Y; X 12 = G. A or T; 2 = R or X 13 -X 14 -|- 
K-X W -X 18 -X 17 .X 16 .L-V-P; wherein X 13 = Q, L or P; X u = K. I. M. L or V; X 15 = P. A. H. N or D; 
X 1e = I or L; X,r = R, H, Q or P; X 18 = I or K; or anyone of SEQ ID NO:l to SEQ ID NO'57 or 
anyone of SEQ ID NO:58 to SEQ ID NO:69 is a subsequence of the polypeptides wherein one 
or more amino acids have been deleted from the amino and/or carboxyl terminus. Preferably 
the one or more amino acids have been deleted from the carboxyl terminus. A fragment may 
cons,st of at least 19 amino acids, such as 19, 20, 21, 22, 23. 24. 25. 26. 27. 28 or 29 amino 
acds. Preferably a fragment consists of at least 19 amino acids as counted from the amino 
terminus of the polypeptide. 

Melic variant: In the present context, the term "allelic variant" denotes any of two or 
more alternative forms of a gene occupying the same chromosomal locus. Allelic variation 
arises naturally through mutation, and may result in polymorphism within populations. Gene 
mutations can be silent (no change in the encoded polypeptide) or may encode polypeptides 
havmg altered amino acid sequences. An allelic variant of a polypeptide is a polypeptide 
encoded by an allelic variant of a gene. 

Substantially pum poly nucleotide : The term "substantially pure polynucleotide" as used 
herem refers to a polynucleotide preparation, wherein the polynucleotide has been removed 
from its natural genetic milieu, and is thus free of other extraneous or unwanted coding 
sequences and is in a form suitable for use within genetically engineered protein production 

-4- 
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5 by weight, at the most 1% by weiaht and » 1 " Wei9ht ' a( •» » 

PoiynudeCide .ay, howe^^^^^l^ * ^ 
as Piomoters and terminators. „ ls prefe jT "Tl ! " 3 mran ^> »*». such 

^s. 82% Pure . , e . ^ „. ; ;crrr pure p ° ,ynu ° ieo,ide * - 

PCynucteotide materia, present inZ^al ^. "* "* * ^ * «» ^ 
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oisdosed herein are preferable Lbt^ m0S ' " S% PUre ' ^ »oVnudeo«des 
Poiynudeotides disused h^.n are TT ,T * * « ,ha 

P«Para,ion is essenBally ^ToTLtar n7 ^ ^ * *« "» 
15 associated. Herein, metl^o!^ material with whW, „ is na«v*y 

Ti !;R orX,,x,^^^ 

X« = P. A, H, N or D; X„ = iorL- X,-r ' ' Mi Lor V; 

sequence shown as amino adds 1 to 29^ .1 " *" = ' ° r K; or me amino acid 

s an^no adds , * w „ ^ J f ^ * - « » NO:, to SEQ ,0 NO:57 or 

manlpuiallon of me DNA encodlno J. , ° ° ^ as •« genetic 

mplacementfs) of the anTe^ , P °*~ 3 - modmcaaonfe, can he 
'n or a, ma amino add(e, J£T ^ and/or 

insertions(s) 

-acute denved from s eZL^ZSZCJT " ^ «"-* "»* 
prasen, in me corresponding genomic DNA^l^, , Se£,U9nCe5 »* are usual * 

Aft/cte/c acwf con^fft When used herein the tern, «„ , • 
"~ - moiecote. eimer sin*. or -.^r*^ ~ 
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occurring gene or which has been modify , . • 

that wou, d not otherwise exist in naT tZT" * h * — 

the term "expression cassette" when L n lt ! ' * with 

encode me po^pepbde. Such 1m sZ JT^ Z * *" nu *-* -«»- 
P°Vadeny,a«on sequence. propepbdTsZnT ' ^ ~ not ** d to ' a ^ 
'0 transition terminato , A , P a P ^ m T . Prom0teri S ' 9nal Pep " de -W* and 

«ers for „. purpose of P «•* • ™- «"W sequences may pe provided ^ 

-fences with the coding re 9to „ of Cu d t2 ^ *" ,BnB " 9a »°" ° f *• ^ 

^aeafiiU^ The term SeqUSnCe encodln9 8 ^PW*. 

"'.he DNA sequence such M^Z^l T'"°" * "*» 

When uThCTT r 018 *" <-a po^peptKe. 

a nucfcoade sequence, which direcCspeZ IT, 9 " <° — ' 

The boundaries of the coding sequencT^ 8e<,Uence of * product 

— ««* begins * £ ^ d «^-d by en open readme. 

*NA. and recombinant nucleobde sequences S<K "" SnC6 ' W " 0a " y inc,ude DNA - 



sequences. 

- p-sr n pT r«::r rr - - *— * 

modification, benstebon, end post-translationa^ • transcription, post-transcriptional 

« comprise secretion of the pCypep^ "^Oon. Mm* expression aiso 

and which is operabiy Wed to addibonT «ZT h , 9 * * ,he 

ifesLSift The tern, "host c^rT ?r ,WUk ' e fW te hanscri * n - 

30 ,nc,ude8 any 08,1 *• " 

DETAILED DESCRIPTION 
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anyone of SEQ ID NO 58 to SEO in I J . , °' 57 OT amino aclds 1 to 19 of 

sequenced.^ ^^L J^T *" intereS,in9 em " 0 * nem ' "» aml "° «* 
mos, four aml „o a ^ .T,** * ^ "*° "** 8UCh 35 * « <"* 

» by three amlno ac(ds) LT ™ e ' 9 ' * a " h8 m0S ' ■*» «** ** 

— as oy one a m ,„ *" ** *» * - a "*° • 

k-x 9 -x,,k-x„-x,,z : wnererx,^::; T-?r: ca: c g - x '- x ^-^k-,-x,-x.. 

X,„ = Kor R: X„ = I. L .F CorV X -rl ^[ ' s G, R, K or E; X e = L or F; 

* therein X„ = q. Lw f- x -k <m" ^ Z = * " ^ *«^-*r*rl* 

---I^ofenyone^^^^^ 

NO,. 2 TuoTZo,^! S .0 » 10 N ° :5r ' S ^ 10 — SEQ " D 
» NO:7, SEQ , D NO:8 SEQ ,D N oTsK° D NO ?n « Q ^ M °* " Q '° N °* SEQ » 

-O NO* SEQ ,0 NO:*,. SEQ ^ SE Q " D No T ^ "* " ^ SE ° 
SEQ .0 NO:25. SEQ ID NQ26 SEO in ^ ' SEQ ' D N ° :23 ' SEQ 10 

NO.30. SEQ ID NO:31, SEQ ^ ^ '° ^ SEQ "> 

» ID NO:*, SEQ ,0 NO :37. SEQ^Q-L sEQ ^ ,o Q J D * "** SEQ 

SEQ ID NO:4 2 . SEQ ID NO:43, ^^"^ « "° ^ ^ 

NO:47, SEQ ID NO.-48. SEQ ID N049 SEoi^L ~ ' SEQ ' D ^ SEQ ,D 

■ of SEQ .0 no :S8 ,o SEQ ID Noes,- JTZ . amino aoid sequence of anyone 

», -other preferred e mb ^ rt ^'p^ZeT ^ "* ^ anBmiCrobW ~* 
ad* , ,o 29 of anyone of SEQ 'b^^ b ^ ~ "~ — 

SEQ ID N0:S8 ,o SEQ ID NO 69 Z '^ h ! r ? " ami "° ^ 1 to 19 * an *°™ * 

NO.69. ,„ a ^er preferred embodimem. the polypeptide oonelste 



selected^ 00° L ^l makin9 " P "» ^Pepfcfes 0' »» invent may independenl|y ^ 

Pref^nZTanllTo aT^us™ h " IT ^ «"»'-• 
«*». such as a, .» most one , 5ub ^ClIT ' n0S, «* at < ha 

oompaed ,o .he amino add sequent tTx It? T ' nS8rfonS * am,TO -* - 
"he™*, X« * L or R; X2 - L V I or P X , B ^" R " X, - VX '- K+X '- X - I <-VX,.K-X,,.X, J . Z; 

• K. R , G . M . NorE; x,: G .aKo r ;'^ R rK„ x ; = x' v '[ orF: £ 

F.CorY; X„ = G ,AorT Z = Ror v y 1 * ' X 9 =LorF; X,„=KorR; X„ = I. L 

* x„. K ., M . LorV; x '.p A 7^x ,r ^ x ; rX ^^ *"*«■• 

"an.no adds , to 33 „, anyone of seq id .o'Ts' " D £ " * H * Q °r P; X,. = I or K: 
anyone of SEQ id NO.-58 to SEQ ID no-m , k ' 57 ° r amlno adds 1 <° 1 *> of 

'5 s&nda* techniques known In , he art „, h ^ art * C ' al ^ 09 constructed by 

Po^eptlde coming ,» seclT^^'^ a ' - 

RorK-y-i.. . " , " K " X "" X ' r2:wh8re *i X, =1 orR- x -1 „ . _ 
«otk, X,«L,V.lorF; Xs = R,K WorG- v -1/ = ^ *• or R, X 2 » L, V, I or F; Xg o 

«• R K or E; x. = L or F; X„ - K oTr x -,\ p \ ' ■ = R, K or E; Xa ■ 

- Z-Rorx,, 

°r O: X,. = , or U x„ = r, H , q or P . Z . ; I Z ' " • '• H L ° r V: X « "'.UN 

"> IW to SEQ ID NO: 6 7 or ammo f ° 1 '° 29 ° f an '0™ of SEQ 

NO:69. h one embodiment o, the inlit. 1 * SEQ '° NO:58 to SEQ ID 

■ of me protem; sma „ demons. ^1 TT"* ^ *" ,0,din9 "*» acW » 
oartoxyMermma, extensions. JEZ jZ* T* 5 amiTO «** — or 
POP** o, up to abou( 1MB orTe°lT meUltonln8 ^ 3 8ma » "» 

^ingnatchar^oranc^rfuncten sl eT Tr*" ^ ^'"^ """'"""on by 
a binding domain. SUCn 88 a ******* tract, an antigenic epitope or 

' *-TX«3r^S" rr ^ — - — adds 
ont.no acids (gluiamme and ^^^1^* "* — 

. and methionine,, ammalc amino ad* ,^1, ^ *** " eUCina ' "o^ne, valine 
amino acids (giyclne. afanine. serf- ZT. ' ' W)phan ana 

and small 

9 enera«y aifar ,he specMc ac«vi t y ™ ^ti* ^ SUb **» «— *» no, 
Neuram and R.L. Hill. ,979 ,„ JTT! <,escrib ad. for example, by H 

~v ocng ^"^rtp^r Yori< - The r; 

■ whb. Asp/Glu, Thr/Ser, Ala/Gly, Ala^hr, 
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Ser/Asn, Ala/Val, Ser/Gly. Tyr/Phe. Ala/Pro, Lys/Arg. Asp/Asn, Leu/He, Leu/Val, Ala/Glu. and 
Asp/Gly as well as these in reverse. 

In an interesting embodiment of the Invention, the amino acid changes are of such a 
nature that the physico-chemical properties of the polypeptides are altered. For example, 
amino acid changes may be performed, which improve the thermal stability of the polypeptide, 
which alter the substrate specificity, which changes the pH optimum, and the like. 

N-termlnal extension 

An N-terminal extension of the polypeptides of the invention may suitably consist of 
from 1 to 50 amino acids, preferably 2-20 amino acids, especially 3-15 amino acids. In one 
embodiment N-terminal peptide extension does not contain an Arg (R). In another 
embodiment the N-terminal extension comprises a kex2 or kex2-like cleavage site as will be 
defined further below. In a preferred embodiment the N-terminal extension is a peptide, 
comprising at least two Glu (E) and/or Asp (D) amino acid residues, such as an N-terminal 
extension comprising one of the following sequences: EAE. EE, DE and DD. 

Kex2 sites 

Kex2 sites (see, e.g.. Methods In Enzymology Vol 185. ed. D. Goeddel. Academic 
Press Inc. (1990). San Diego. CA. "Gene Expression Technology") and kex2-!ike sites are di- 
basic recognition sites (i.e.. cleavage sites) found between the pro-peptide encoding region 
and the mature region of some proteins. 

insertion of a kex2 site or a kex2-Hke site have in certain cases been shown to improve 
correct endopeptidase processing at the pro-peptide cleavage site resulting in increased 
protein secretion levels. 

In the context of the invention insertion of a kex2 or kex2-like site result in the 
possibility to obtain cleavage at a certain position in the N-terminal extension resulting in an 
antimicrobial polypeptide being extended in comparison to the mature polypeptide shown as 
the amino acid sequence: G-X.-X.-Xa-R-X.-X^K-I-XT-Xa-K-X^a-K-Xn-X^-Z; wherein X, 
= LorR; X 2 = L,V,lorF; X3 = RorK; X4 « L, V, I or F; X s =R.K,WorG; X e = K.R.G.M. 
NorE; X 7 =G.R,KorE; X 6 = G,R.KorE; X 8 = LorF; X 10 = KorR; X« = I, L, F, C or Y; 
X t2 s g, A or T; Z * R or X^-Xm-I-K-X^X^-X^-X^-L-V-P; wherein X 13 = Q, L or P; X 14 = K 
I.M.LorV; X 18 = P, A, H, N or D; X 1e = I or L; X 17 = R. H. Q or P; X 1B = I or K; or amino 
acids 1 to 29 of anyone of SEQ ID NO:1 to SEQ ID NO:57 or amino acids 1 to 19 of anyone of 
SEQ ID NO:58 to SEQ ID NO:69. 

Fused polypeptides 

The polypeptides of the present invention also include fused polypeptides or cleavable 

-9- 
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« p X3 = R ° rK: *-UV.IcrFS X s = R, K, W or G; X, * K. R, G, M, N 

orE; X 7 =:G,R,KorE; X* = G. R, K or E; X 9 *LorF; X 10 = KorR; X« a I, L, F, C or Y; 
X ia = G, A or T; 2 * R or X 13 -X 14 -I-K-X 15 -X 18 .X 17 -X 18 .UV-P; wherein X 13 = Q, L or P- X 14 = K 
I. ft »,LorV; X 1S « P, A, H. N or D; X 16 =.orL; X 17 S R,H,Q or P; X 18 = I or K;' or amino 
ac.ds 1 to 29 of anyone of SEQ ID NO:1 to SEQ ID NO:57 or amino acids 1 to 19 of anyone of 
SEQ ID NO:58 to SEQ ID NO:69. These artificial variants may differ in some engineered way 
from the polypeptide isolated from its native source, e.g., variants that differ in specific activity, 
thermostability, pH optimum, or the like. 

It will be apparent to those skilled in the art that such modifications can be made 
outside the regions critical to the function of the molecule and still result in an active 
polypeptide. Amino acid residues essential to the activity of the polypeptide encoded by the 
nucleotide sequence of the invention, and therefore preferably not subject to modification 
such as substitution, may be identified according to procedures known in the art. such as sitei 
d,rected mutagenesis or alanine-scanning mutagenesis (see, e.g.. Cunningham and Wells 
1989. Science 244: 1081-1085). In the latter technique, mutations are introduced at every 
positively charged residue in the molecule, and the resultant mutant molecules are tested for 
antimicrobial activity to identify amino acid residues that are critical to the activity of the 
molecule. Sites of substrate-enzyme interaction can also be determined by analysis of the 
three-dimensional structure as determined by such techniques as nuclear magnetic resonance 
analysis, crystallography or photoaffinrty labelling (see, e.g., de Vos ef al., 1992, Science 255" 
306-312; Smith et a/.. 1992, Journal of Molecular Biology 224: 899-904; Wlodaver et al 1992 
FESS Letters 309: 59-64). 

Moreover, a nucleotide sequence encoding a polypeptide of the present invention may 
be modified by introduction of nucleotide substitutions which do not give rise to another amino 
acd sequence of the polypeptide encoded by the nucleotide sequence, but which correspond 
to the codon usage of the host organism intended for production of the enzyme. 

The introduction of a mutation into the nucleotide sequence to exchange one 
nucleotide for another nucleotide may be accomplished by site-directed mutagenesis using 
any of the methods known in the art. Particularly useful is the procedure, which utilizes a 
supercoiled, double stranded DNA vector with an insert of interest and two synthetic primers 
containing the desired mutation. The oligonucleotide primers, each complementary to opposite 
strands of the vector, extend during temperature cycling by means of Pfu DNA polymerase 
On incorporation of the primers, a mutated plasmid containing staggered nicks is generated 
Following temperature cycling, the product is treated with Dpnl which is specific for methylated 
and hemimethylated DNA to digest the parental DNA template and to select for mutation- 
containing synthesized DNA. Other procedures known in the art may also be used For a 
general description of nucleotide substitution, see. e.g., Ford et al., 1991, Protein Expression 
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96/00787). as well as the NA2-tpl promoter (a hybrid of the promoters from the genes for 
Aspergillus niger neutral alpha-amylase and Aspergillus oryzae triose phosphate isomerase), 
and mutant, truncated, and hybrid promoters thereof. 

In a yeast host, useful promoters are obtained from the genes for Saccharomyces 
cerevisiae enoiase (ENO-1), Saccharomyces cerevisiae galactokinase (GAL1), 
Saccharomyces cerevisiae alcohol dehydrogenase/glyceraldehyde-3-phosphate 
dehydrogenase (ADH2/GAP), and Saccharomyces cerevisiae 3-phosphoglycerate kinase. 
Other useful promoters for yeast host cells are described by Romanes et al, 1992 Yeasf 8- 
423-488. 

The control sequence may also be a suitable transcription terminator sequence a 
sequence recognized by a host cell to terminate transcription. The terminator sequence is 
operably linked to the 3' terminus of the nucleotide sequence encoding the polypeptide. Any 
terminator which is functional in the host cell of choice may be used in the present invention. 

Preferred terminators for filamentous fungal host cells are obtained from the genes for 
Aspergillus oryzae TAKA amylase, Aspergillus niger glucoamylase, Aspergillus nidulans 
anthranilate synthase, Aspergillus niger alpha-glucosidase, and Fusarium oxysporum trypsin- 
like protease. 

Preferred terminators for yeast host cells are obtained from the genes for 
Saccharomyces cerevisiae enoiase, Saccharomyces cerevisiae cytochrome C (CYC1), and 
Saccharomyces cerevisiae glyceraldehyde-3-phosphate dehydrogenase. Other useful 
terminators for yeast host cells are described by Romanos et al., 1992. supra. 

The control sequence may also be a suitable leader sequence, a retranslated region 
of an mRNA which is important for translation by the host cell. The leader sequence is 
operably linked to the 5' terminus of the nucleotide sequence encoding the polypeptide. Any 
leader sequence that is functional in the host cell of choice may be used in the present 
invention. 

Preferred leaders for filamentous fungal host cells are obtained from the genes for 
Aspergillus oryzae TAKA amylase and Aspergillus nidulans triose phosphate isomerase. 

Suitable leaders for yeast host cells are obtained from the genes for Saccharomyces 
cerevisiae enoiase (ENO-1). Saccharomyces cerevisiae 3-phosphoglycerate kinase 
Saccharomyces cerevisiae alpha-factor, and Saccharomyces cerevisiae alcohol 
dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP). 

The control sequence may also be a polyadenylation sequence, a sequence operably 
linked to the 3' terminus of the nucleotide sequence and which, when transcribed, is 
recognized by the host cell as a signal to add polyadenosine residues to transcribed mRNA 
Any polyadenylation sequence which is functional in the host cell of choice may be used in the 
present invention. 
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chromosome. 

The vector may contain any means for assuring self-replication. Alternatively the 
vector may be one which, when introduced Into the host cel., is integrated Into the genome and 
replicated together with the chromosome(s) into which it has been integrated. Furthermore a 
5 single vector or plasmid or two or more vectors or plasmids which together contain the total 
t0 be into the genome of the host cell, or a transposon may be used 

The vectors of the present invention preferably contain one or more selectable markers 
wh,ch permit easy selection of transformed cells. A selectable marker is a gene the product of 
wh,ch provides for biocide or viral resistance, resistance to heavy metals, prototrophy to 
10 auxotrophs, and the like. 

Examples of bacterial selectable markers are the dal genes from Bacillus subtllis or 
Bacllus Hcheniformis, or markers which confer antibiotic resistance such as ampicillin 
kanamycin. chloramphenicol or tetracycline resistance. Suitable markers for yeast host cells 
are ADE2. H.S3. LEU2. LYS2. MET3. TRP1, and URA3. Selectable markers for use in a 
15 fiiamentous fungal host ceil include, but are not limited to. amdS (acetamidase), argB 
(ornithine carbamoyltransferase). bar (phosphinothricin acetyltransferase). hygB (hygromycln 
Phosphotransferase). niaD (nitrate reductase), pyrG <orotidine-5'- P hosphate decarboxylase) 
(SU,fate ^transferase). trpC (anthranilate synthase), as well as equivalents thereof 
Preferred for use in an Aspergillus cell are the amdS and pyrG genes of Aspergillus 
20 n™*™ or Aspergillus oryzae art the bar gene of Strepto^^^ 

The vectors of the present invention preferably contain an elements) that permits 
stable integration of the vector into the host cell's genome or autonomous replication of the 
vector in the cell independent of the genome. 

For integration into the host cell genome, the vector may rely on the nucleotide 
25 sequence encoding the polypeptide or any other element of the vector for stable integration of 
the vector into the genome by homologous or nonhomologous recombination. Alternatively 
the vector may contain additional nucleotide sequences for directing integration by 
homologous recombination into the genome of the host ceil. The additional nucleotide 
sequences enable the vector to be integrated into the host cell genome at a precise location(s) 
30 ,n the chromosome(s). To increase the likelihood of integration at a precise location the 
integrations elements should preferably contain a sufficient number of nucleotides, such as 
100 to 1.500 base pairs, preferably 400 to 1,500 base pairs, and most preferably 800 to 1 500 
. base pairs, which are highly homologous with the corresponding target sequence to enhance 
the probability of homologous recombination. The integratlonal elements may be any 
*■ sequence that is homologous with the target sequence in the genome of the host cell 
Furthermore, the integratlonal elements may be non-encoding or encoding nucleotide 
sequences. On the other hand, the vector may be integrated into the genome of the host cell 
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is an alkalophilic Bacillus. 

The introduction of a vector into a bacterial host cell may, for instance, be effected by 
protoplast transformation (see. e.g., Chang and Cohen, 1979, Molecular General Genetics 
168: 111-115), using competent cells (see, e.g., Young and Spizizin. 1961, Journal of 
Bacteriology 81: 823-829, or Dubnau and Davidoff-Abelson, 1971, Journal of Molecular 
Biology 56: 209-221), electroporation (see, e.g.. Shigekawa and Dower, 1988. Biotechniques 
6: 742-751). or conjugation (see. e.g., Koehler and Thome. 1987, Journal of Bacteriology 169- 
5771-5278). 

The host cell may be a eukaryote, such as a mammalian, insect, plant, or fungal cell. 
In a preferred embodiment, the host cell is a fungal cell. "Fungi" as used herein 
includes the phyla Ascomycota, Basidiomycota, Chytridiomycota, and Zygomycota (as defined 
by Hawksworth et a/.. In, Ainsworth and Bisby's Dictionary of The Fungi, 8th edition. 1995. 
CAB international. University Press. Cambridge. UK) as well as the Oomycota (as cited in 
Hawksworth ef a/.. 1995, supra, page 171) and all mitosporic fungi (Hawksworth et a/., 1995, 
15 supra). 

in a more preferred embodiment, the fungal host cell is a yeast cell. "Yeast" as used 
herein includes ascosporogenous yeast (Endomycetales), basidiosporogenous yeast, and 
yeast belonging to the Fungi Imperfect! (Blastomyces). Since the classification of yeast may 
change in the future, for the purposes of this invention, yeast shall be defined as described in 
Biology and Activities of Yeast (Skinner. FA, Passmore. S.M., and Davenport, R.R., eds, 
Soc. App. Bacteriol. Symposium Series No. 9, 1980). 

In an even more preferred embodiment, the yeast host cell is a Candida, Hansenula, 
Kluyveromyces, Pichia, Saccharomyces, Schizosaccharomyces, or Yarrowia cell. 

In a most preferred embodiment, the yeast host cell is a Saccharomyces 
carlsbergensis, Saccharomyces cerevisiae. Saccharomyces diastaticus, Saccharomyces 
douglasii, Saccharomyces kluyveri, Saccharomyces norbensis or Saccharomyces ovtformis 
cell. In another most preferred embodiment, the yeast host cell is a K/t/yveromyces lactis cell. 
In another most preferred embodiment, the yeast host cell is a Yarrowia lipolytica cell. 

In another more preferred embodiment, the fungal host cell is a filamentous fungal cell 
"Filamentous fungi" include all filamentous forms of the subdivision Eumycota and Oomycota 
(as defined by Hawksworth ef a/.. 1995. supra). The filamentous fungi are characterized by a 
mycelial wall composed of chitin. cellulose, glucan. chitosan, mannan, and other complex 
polysaccharides. Vegetative growth is by hyphal elongation and carbon catabolism is 
obligately aerobic. In contrast, vegetative growth by yeasts such as Saccnaromyces cerevisiae 
is by budding of a unicellular thallus and carbon catabolism may be fermentative. 

In an even more preferred embodiment, the filamentous fungal host cell is a cell of a 
species of, but not limited to, Acremonium, Aspergillus, Fusarium, Humicola, Mucor, 
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Myceliophthora, Neurospora, PenfcWum, Thielavia, Tolypocladium, or Trichoderma. 

In a most preferred embodiment, the filamentous fungal host cell is an Aspergillus 
awamon, Aspergillus foetidus, Aspergillus japonicus. Aspergillus nidulans, Aspergillus niger or 
Asperg,llus oryzae cell. In another most preferred embodiment, the filamentous fungal host 
cell is a Fusarium bactridioides. Fusarium cerealis. Fusarium crooknellense, Fusarium 
culmorum, Fusarium graminearum, Fusarium graminum. Fusarium heterosporum, Fusarium 
negund,, Fusarium oxysporum, Fusarium reticulum, Fusarium roseum, Fusarium 
sambucinum, Fusarium sarcochroum, Fusarium sporotrichioides, Fusarium sulphureum 
Fusanum torulosum, Fusarium trichothecioides, or Fusarium venenatum cell. In an even most 
preferred embodiment, the filamentous fungal parent cell is a Fusarium venenatum (Nirenberg 
sp. nov.) cell. In another most preferred embodiment, the filamentous fungal host cell is a 
Humicola insolens, Humicola lanuginosa, Mucor miehei, Myceliophthora thermophila 
Neurospora crassa, Penicilfium purpurogenum. Thielavia terrestris, Trichoderma harzianum, 
Tnchoderma koningii, Trichoderma longibrachiatum. Trichoderma reesei, or Trichoderma 
15 viride cell. 

Fungal cells may be transformed by a process involving protoplast formation 
transformation of the protoplasts, and regeneration of the cell wall in a manner known per se 
Suitable procedures for transformation of Aspergillus host cells are described in EP 238 023 
and Yelton et a/., 1984. Proceedings of the National Academy of Sciences USA 8V 1470- 
1474. Suitable methods for transforming Fusarium species are described by Malardier ef al 
1989. Gene 78: 147-156 and WO 96/00787. Yeast may be transformed using the procedures* 
described by Becker and Guarente. In Abelson. J.N. and Simon. M.I.. editors. Guide to Yeast 
Genetics and Molecular Biology, Methods in Enzymology, Volume 194. pp 182-187, Academic 
Press. Inc.. New York; Ito ef al., 1983. Journal of Bacteriology 153: 163: and Hinnen ef al., 
1978, Proceedings of the National Academy of Sciences USA 75: 1920. 

Methods of Prnrilirtinn 

The present invention also relates to methods for producing a polypeptide of the 
present invention comprising (a) cultivating a host cell under conditions conducive for 
production of the polypeptide; and (b) recovering the polypeptide. 

In the production methods of the present Invention, the cells are cultivated in a nutrient 
med.um suitable for production of the polypeptide using methods known in the art For 
example, the cell may be cultivated by shake flask cultivation, small-scale or large-scale 
fermentation (including continuous, batch, fed-batch, or solid state fermentations) in laboratory 
or industrial fermentors performed in a suitable medium and under conditions allowing the 
polypeptide to be expressed and/or Isolated. The cultivation takes place in a suitable nutrient 
medium comprising carbon and nitrogen sources and inorganic salts, using procedures known 

-19- 



20 



10328.000-DK 



10 



15 



20 



25 



30 



35 



in the art. Suitable media are avails * 

according to published eonZZ^l ™ " be ^n* 

recover dfrecuy ftom mltelTH , ^ P °^ I>Me « "* 

from cett lyse.es. " *" P °' yPepMe ' S not sacrete * « « be recovered 

- » _ prod U r:~ h r: f ~ rrsrsvr" 

exernp^^rr 6 ^ * "~ * ~ * - « * 

Procedures Zl^TlT ,** ^ * ~* 

evapore.cn. orpjpi^ ^ * -"*»*". exbaaion. spray-dryino. 

Hydrophobic. cn^LI andT * - «chen 8 e. a*n,,y. 

SDS-PA6E, or extraction Jl = ^ <a9 - ammonlum Precipitation,. 

e-^VOH^lr^rLT" ** JanS °" - ^ ^ 



Plan 



duenm.es The oo^lIT . ■» «*ove,able 

the quality of a food ™- too* P°'ypepnoe may be used as such for improving 

*»>. fo^e grass such es Pestuca 1 u^ T ^ 

a*, whea,. oats. w baney. „ce. so rahum , and Le -* 

pe, berr^rr^T ,t su9ar be * ,esumes ' ~ - ,upi - 

. on _ 



1U328.000-DK 



specific plant tissues, such a«s rhi^ . 

~re are consld^LT^:^ ™ « 

origin, is considered to be a plant part FUrtherm0re ' "* plan < <*»■ whatever the tleeue 

^^eSrCeritrr a ^ ° f - «- »— 

is construct by inco^reCT* ™ e ^ ^ ^ Pfan ' « «** - 

*. present invention into me pteX '2 C ° m " K ' S "" 0 *" 8 * 
« "P'-'cei-intoa^nsgentepLo^n, ^ P ' DPa9a,,n9 ^ ™«iedp,a„ t 

— srsi rdTa'^rr : r r ,c acw — - ~ ■ 

appropriate regubtory sequences reoZ t PreSe '" , " Ven,,0n «* 
or pten. par, o,L«. F^eZT h T" " ~ de -«««• •» 
18 — — tor «en^ SZZ ^^T* ™> °~ * ~ 
and DNA sequences necessary for infroducTof L . C ° nS * ,C ' *" "™ ' nte9rated 

,auer Tir; ^^"*~oic ^ * p,ant ,n quesaon <- 

optional* ^tZ^Td^l 88 , Pr0m ° ter ^ ' em,inator Se ° Uence8 a "° 
» and ho* tne pCypepfcte ,s Ired LI e ^ T " ^ 

encoding a polypepUde of the present tnZT^' T ^ e ' VK ^ on 01 ,he ■» 
* stage or tissue^ ~ T "■"'"^ " or »* * 

— or Pten, pari sue, as ~ t£ ~ UCt ™ y 68 «-~ * • ^ 

descri b edo y Ta g uee»a t .1 98 a.^ Wy X8^ ) r y *" 
For constitutive expression the 35«s r*Mw ~ 

C** 21: ,85-294,. Organ^c-H ^.e^mt 'beT ^ * U " - <""* **• ,989 - 
** -ssues such as seeds, potete tuhel a^ Eo^AC ,rom ^ 

eene,. 24: 275*03). or fron, anabolic s,n Jul^u!,? 

«* aw 24: 863*78). a E3ed "™ i "* as ™^ms (Ito eta,., 1994 , „ an( 

» atbuntin pren,^ from rice ^ ^ ~r such as me g,„ telln , probraln , „ 

feoa poorer tam me tegun* M atTL !l °* ""^^ 39: ******* * ™° 
•Conred e, a,., ,998, ^ ^ P-* 9 ene ,o m «, ^ 

. body protein (Chen e, a/., 1998, Pten, and cZk 1 ■ , Prom °' er *° m a 8860 «* 

napA PTOm o,er tan BraMfca ^?™J***» 39: 935 " 841 >' •» —0- Protein 

— . — > — :~=r—: 

- 21 - 



10328.Q00-DK 



ww, maiecuiar and General Genetics 248- fifia ata* 
J— such as ^ pln2 promotef (xu e( ^ 

Ptoceo between ^ p^J^ ^ «« * « ■*» which Is 

P~eh.inven.on. For instance Xue^Zf T" enC0< * n8 9 POlyPeP,We * 
*» a* , ge ne to enhance ei ^" 1 " 3 ' - - * *. «rs, in,™ of the 

' 0 chosen^^Z:: ZT ^ ^ P - * ' h6 ~ ~ - - 

conv ent r:;c;rir:i^r;r ,nto ,he p,am — » — * . - 

^-mediated tanLJTn^l! ^,'*«-««--*d ta*™*a 
eiectroporeson (Gas J« a772T' , «— Tansformalon. 

- ^rtrenT^ T *~ * — — ~» 

method of choice for generatino r <he8e pfan,s - p "eenHy. the 

3 oid or tungsten parJeTI 2 2 h 7 * ""■* b ° mb ~ 

MM**, 5: 16W62; vasl. 6 , a/ 4 I ^ \ ^ 1984 ' °" re '" 0 """»" 
5 for oansformato of Zo^L Z^ ^ * 

Omirulleh era, , 993 , ~ — ~ ee deeded by 

^ ^ egenerated Into whole p.ants according to methods well-known In 

-* saguence encolfa p^de^T* P ' ant " ' ^ «" a 
invention under condtos cXS^^^**^ a °"* * •» 
Polypeptide. Pr0dU< * 0n 0f "» and (b) ^covering the 



a s« U furt her aspect. » pre senM„ven,ion refc.es to composes, such as 



1U328.000-DK 



pharmaceutical compositions «,mn^ 

The ~nJ£ZZ2 Z" I ~«*»»*™* - invenuon. 

^Prtse muKipre erttymafc JLT-TT^ . ABerna,iVel * *° ««*«*» may 
* ca-boxypep,,dase. debase. <Z£ ^1 " carbohyd.se. 
deoxy„bo nucl aase. esterase, T"* ^"k^" 

oxidase. pedinoWc enzyme plZ! k T ^ ,ipase - ^nosldase. 

as an JETS^ ^TenT * -y ac„e ^ such 

antimicrobial acMy as defined above ll ! an " mlcrobial P<*IWW. exhibiting 
- « aasaes of anHbio»cs inTe SST ToonT^ " ^ 

o«ao«n, oarbenwmn. nafclllin, ampidnin ete ™? P< "* ;i " in V> meB * ci " in ' 

« cepna-osporins. e □ CoioT" , T " COmblna80n "* be ^mase 

carbapenems; monobaetams; JSZSZjT"** 
Po^myxlns; autfonamldes; wtotJ^^JT*. *"* ma °°" de8: 
Wmethopdm; vancomycin; etc. ThITool T , me,TOnidaZ0,e; •«*«^ 

■neiuding por^as. e.g. sn^^Z ^ *° ^ " an "~ 
» Moconazol. irraconazo, and fluoonZ ^ «* "*«»* 

In an embodiment the biocidai anonf i» , 

adueous so,u«on of 0 m£ZZZ 277 " * <" - 

"oclda, agent P "*"* r " an a<"aoue "lutJon of 0.,% (w/w) of „ 

— *~n of ,000 ppm; P^ ^™,^ — added In a 

preferabfy when added In a concenfral^ "ncenfraHon of 500 P pm ; more 

, concentration of ,00 ppm; mos, Z^Z ZZ" ™" *" — h a 
)5 PartCUla ^" added m a concent o^m C ° nCe '" raUOn * 50 P ™ « '« 

^a^Tc?^,^,!^ * T'" 9 ^ nUmber <* «■• of 

« ™=r:sssr;r 
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solution of 5%(wAv); even more preferably In an aqueous solution of 1%( W/W ); most preferably 
in an aqueous solution of 0.5%(w/w); and in particular in an aqueous solution of 0.1%<w/w> of 
the blocidal agent 

The blocidal agent may also be capable of Inhibiting the outgrowth of Bacillus subtilis 
(ATCC 6633) for 24 hours at 25'C in a microbial growth substrate, when added in a 
concentration of 1000 ppm; preferably when added in a concentration of 500 ppnv more 
preferably when added in a concentration of 250 ppm; even more preferably when added in a 
concentration of 100 ppm; most preferably when added in a concentration of 50 ppm; and in 
particular when added in a concentration of 25 ppm. 

The antimicrobial polypeptide of the invention and the blocidal agent of the composition 
may be selected so that a synergistic antimicrobial effect is obtained. 

The antimicrobial polypeptide and the biocidal agent of the composition may be 
selected so that the number of living cells of E. coli (DSM 1576), when incubated 10 mm. at 
20'C in an aqueous solution containing 50% w/w (preferably 25% w/w, more preferably 10% 
w/w, most preferably 5% w/w) of the biocidal agent and 0.5 ppm (preferably 0.1 ppm) of the 
antimicrobial polypeptide, are reduced at least 5% (preferably at least 10%) more than 
compared to what is obtained by adding the results of separate incubations with the biocidal 
agent and the antimicrobial polypeptide alone, i.e. a simple additive effect. 

The enzymatic component and the biocidal agent of the composition may also be 
selected so that the outgrowth of £ coli (DSM 1576) at 25'C in a microbial growth substrate 
containing 500 ppm (preferably 250 ppm, more preferably 100 ppm. most preferably 50 ppm) 
of the biocidal agent and 0.5 ppm (preferably 0.1 ppm) of the antimicrobial polypeptide are 
inhibited at least 5% (preferably at least 10%) longer time than compared to what Is obtained 
by adding the results of separate incubations with the biocidal agent and the antimicrobial 
25 polypeptide alone, i.e. a simple additive effect. 

The antimicrobial polypeptide and the biocidal agent of the composition may also be 
selected so that the number of living cells of Bacillus subtilis (ATCC 6633), when incubated 10 
mm. at 20°C in an aqueous solution containing 50% w/w (preferably 25% w/w. more preferably 
10% w/w, most preferably 5% w/w) of the biocidal agent and 0.5 ppm (preferably 0.1 ppm) of 
the antimicrobial polypeptide, are reduced at least 5% (preferably at least 10%) more than 
compared to what is obtained by adding the results of separate Incubations with the biocidal 
agent and the antimicrobial polypeptide alone, i.e. a simple additive effect. 

The enzymatic component and the biocidal agent of the composition may also be 
selected so that the outgrowth of Bacillus subtilis (ATCC 6633) at 25'C in a microbial growth 
substrate containing 500 ppm (preferably 250 ppm, more preferably 100 ppm, most preferably 
50 ppm) of the biocidal agent and 0.5 ppm (preferably 0.1 ppm) of the antimicrobial 
polypeptide, are inhibited at least 5% (preferably at least 10%) longer time than compared to 
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what is obtained by addfna th« * 

comprisTa ^^ e r«Z >n o l a M SU "!? ^ The "™P"«« ™y also 

The composes TO yt n r US8d 88 3 medfc8ment 

maybe ,„ the form of a .(quid or a ^7?™ "* B "*°* known in ar, and 
n»V be ,„ , he foml of a grange or aZT "* P °^ lide ™*>" 

underwhfch ,,. o^U^^seT: iTr™ 0 " * "* " «*« «— 

at. n 18 ™ y be detention the basis of methods known in the 

15 Methods anri i ;ggg 

— **, by bacteria, fu^l. £££ ^SZT " ^ "°" * 
as cooling water systems, laundry rinse water „i . aqUeOUS systems sucn 

» ™ds and the „„.. where micJtTms^ " »*» *• °» 

oonwed. However, .he pmsem^ZTT ? * - "" ** 9raMh nee * 10 «» 
*nown anWcnobla, compXl T^ZTST T - ^ "** 
Paper, ..boar, M |e. tea^, ^ ~ * ~* ^ — * 

aMpersplrants or deodorant ^ ".T/ 1 " " m ° U ' h ' ** - 

• Examples of surfaces, „h.ch may a^teT^ , 9r< " Mh ° n *"* hard surfa «a- 

P0lypep«esof t |» imention l^; a ; ,a9e0US ' 1 ' 66 COnlaC,eC ' •* «•**- 

» P-anhaceuaca, proC ess Zrwa^"„lZ eSS r* m8mUSe<le ' 9 dairieS ' Ch ^'«^ 
Prccesshg p,ams, wafer LJZ^ZTT °" Pro0eSSin9 P ' anlS ' «» "* 
- - — «. be used ,, ~ ^ Sl'SC 
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inhibiting microbial growth on the surface in question. 

Further, it is contemplated that the antimicrobial polypeptides of the invention can 
advantageously be used in a cleaning-in-place (C.I.P.) system for cleaning of process 
equipment of any kind. 

5 The antimicrobial polypeptides of the invention may additionally be used for cleaning 

surfaces and cooking utensils in food processing plants and in any area in which food is 
prepared or served such as hospitals, nursing homes, restaurants, especially fast food 
restaurants, delicatessens and the like. It may also be used as an antimicrobial in food 
products and would be especially useful as a surface antimicrobial in cheeses, fruits and 
1 o vegetables and food on salad bars. 

It may also be used as a preservation agent or a disinfection agent in water based 

paints. 

The antimicrobial polypeptides of the present invention are also useful for microbial 
control of water lines, and for disinfection of water, in particular for disinfection of industrial 
15 water. 

The invention also relates to the use of an antimicrobial polypeptide or composition of 
the invention as a medicament. Further, an antimicrobial polypeptide or composition of the 
invention may also be used for the manufacture of a medicament for controlling or combating 
microorganisms, such as fungal organisms or bacteria, preferably gram positive bacteria. 

The composition and antimicrobial polypeptide of the invention may be used as an 
antimicrobial veterinarian or human therapeutic or prophylactic agent. Thus, the composition 
and antimicrobial polypeptide of the invention may be used in the preparation of veterinarian or 
human therapeutic agents or prophylactic agents for the treatment of microbial infections, 
such as bacterial or fungal infections, preferably gram positive bacterial infections. In particular 
the microbial infections may be associated with lung diseases including, but not limited to, 
tuberculosis and cystic fibrosis; and sexual transmitted diseases including, but not limited to.' 
gonorrhea and chlamydia. 

The composition of the invention comprises an effective amount of the antimicrobial 
polypeptide of the invention. 

The term "effective amount" when used herein is intended to mean an amount of the 
antimicrobial polypeptide comprising the amino acid sequence: G-X^Xa-R-X^Xs-Xe-K-l-X,- 
Xa-K-Xa-Xto-K-X^Xu-Z; wherein X, = L or R; X 2 s L, V, I or F; X 3 = R or K; X 4 = L, V, I or F; 
X 5 = R.K.WorG; X 6 * K, R, G, M, N or E; X 7 = G,R,KorE; X 8 *G,R,KorE; X^Lor 
F; X 10 = K or R; X„ = I. L, F. C or Y; X 12 = G. A or T; 2 = R or X^OWf-K-X^e-X^e-L- 
V-P; wherein X 13 = Q, L or P; X 14 = K. I, M, L or V; X 15 = P. A, H. N or D; X 16 = I or L; X 17 = 
R, H, Q or P; x« - I or K; or the amino acid sequence shown as amino acids 1 to 29 of 
anyone of SEQ ID NO:1 to SEQ ID NO:57 or amino acids 1 to 19 of anyone of SEQ ID NO:58 
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such as shampoos. **• "*"'"• and ,Urther to hair prcduCs. 



In vitro ftynth^fc 
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available, for exampte autoZ^ . ? C ° mmercial Syn,het,c apparatuses are 

-* parser* D-fcoJ 0 12 ^r""' 8 '' "* — 

sWa chains having different LIITf and """""""a. ^stereoisomer, 

and «ha man™,, ^Y-ZTJ'T* " * U ™^- and the iike. Tha panleular 

sequence 

and the like. ^rmmeo oy convenience, economics, purity required, 

'omtation, a.g. reductive j££tT ^ " " SUbstitutetl «*» 

9-PS.dr ala f orl: o ~,r ^ " " — • 

uaad to maka Woethars, Nstidlnes for linking fo a rl^L CyS,8 ' n6S ta 

^^^.^^Z^JZZZZ groups for 

lysate purified using HPLC 6 vr.n«r T expression host and the 

used wi„ comprise a. .east 20% by ^ * „, Cad ^ C ° n1P0Slti0nS ^ *" 
7S% bv weigh,, preferably a, leas, about sJ 1 . ' ° re USUa " y at least «*<« 

a« laas. abou, 99.6% * ^ ^ " th6ra ^* Purposes, usual, 

~ of „ p^ aX P :rr laTrr r ed * m ° - 

total protein * the P ercent ages will be based upon 
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calves; and fish (inching but no. mm to JLon) 10 ^ xoung 

1= embodiments me ^J^*" ° f W ° 01/58275). ,„ othw particular 
H - a. leas, «* pure 33 detent C^oT " * — * * 3». 05. 83, 80. 92 , 

from ,nterfertn 9 or ooZ^ lTj an t i0,Obial P °' yPePM9 *- 18 ~ ** »- 
20 refers h particular to Job^o, onl P ° M5ePMe8 - ^ ^ *»* «"«% 

capa b ,,^ 0 p. in , 81ngd ^:Curri~ - ~ — * - - 

Polypeptide P repara«on ™ ' " ^ " «*« be 

described above refers I Z jl T„ * TT™* ^ ° f 

> whether used accord.no »Z Z^L 

~JZEZ ul~^~ pumfea •* - — * - * 

. obtained and also subject toTmuThT? PR * ,UC "° n ' " h "— ,he * are « » -* 

~ h ^^srrr rariafcn - - — — 

an^ UCh aM,mier0bial >— -V of course be mixed with other 

The tem veoetabie pro.e.s as used herein refere to any compoond. composition. 
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preparation or mixture that Includes at . 

m „ dited ^ *jrr r* *** <™ <* from . 

content c, toe ^ ^XZZ77£]Z T"*" emb0d '^ - 
Vegetable p TOle ins may be deZ, ? ' ' 5 °' ° r60% < w/w )' 

• and cereals. ,0, example ZIT^ T, T ^ ^ «* as 

. -~5E=r«r:= 

» In another part.cu.ar embodiment, the vegetable 

more plants of the fenny CAenppodfeca*, . „TT ^ * n,a,eria ' ,rom one °' 

- -SST-ST ^ ~ - — ' « - -at, rye, 

3.1-3.26; xylanaaas EC 3 2 fllT^ am ° n9S ' PMases EC • 

3.2.1.4. 3 2 - 1 - 8 ' «**"— EC 3.2.1.89; and/or befe-g lu canases EC 

^^si.tsr (Robert ^ «* - 

as disced In WO ^ ^ h ** -tllunga, 

Published]. ° r/DK02/00289 [replace with WO number once 
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added to .he feed. Eithe r oTm-eT ,' WhereaSma0ro minerate « «■* separately 

s ^..e^rcrr^rjr - an — 

feed). This is so in particular for premixes 9 9 aa " i,,Ve per 100 « 

15 cobalt. ^ man B ane ^ ^c. iron, copper, iodine . selenium, and 

The JTT " ^ ^ ■*"■*■«■ "4 sodium 

one or more of, one or two Q r thr*o * 01/58275. At least one means either of, 

^tdua, co^rr; "jzz z ?£z :r 1 r w up ,o a " 

•he additive of the Invention in em* „„ ' """P 0 "*"' '"eluded In 

ocmpoe^oTrJZTra IltT "t ^ ^ C °~ 8 ' *** *- 
character^ as Seated lITi TZT^Z ^ * ~ " * 
cheractehsed as indices „ column 4 17x ^1^ ° 8 
' have a crude fat content of 200-310 gfcg furthermore such fish dtets usually 

—sn: tiz^^r-rr has a ■* — - 

herein. P 3t ' 6aSt 0ne ant '™™bial polypeptide as claimed 

«U* andfor a content o, " * 1 <«° 

- 0 - - -or a content ^TT^T ~ tTT 



1Q328.000-DK 



methionine plus cysteine o, 0.1-1SO g* g; and/or a content of lysine of 0 5-50 0*0 
In particular embodiments th*^* * , g/kg ' 
Phosphorus, math^e. Z^ZZ^Tt eTOW ' "* ^ ^ 
3. 4 or 5 in Table 8 of WO 01/58275 (R 2^ " ** ° TO <* «*» * 

5 protein ~ < N) -M- * - *«- ,25. , e . Cr.ee 

Chemists. Washington DC). ^' sodatlon of Official Analytical 

- -^^^^8°:: ba r - nrc — -» — 

on enimai nutmlon. board of aedcZatT , SUbamn, * e on ""Won. committee 
Washington, D.c pp „ JZT' """^ Nattonal Press, 

Spsiderho. cen^o r^^™^™^'^^. 
Nethen^nds.GrefteohbeddifPcL^ V 7361 DA B «*°argen, The 

animal dlete is calculated on the basis 0,^, a "" n ° adWs in eomptete 

- chemfcche san^.te^ 31^^^" ^ ~* 
Contra, ^^u, 8, 82, 9 pk U ^T^^^^ 

and/or 0-30% oats- and/oTo^v s ' "** °- 7<>% *"* "*» Barley; 

Anime, dlete oJ^££^T ™* and,or0-20 % whey 

s the mm feed-stunt 1 . maS " ^ <TOn Pe,,eled > « P— «• *ad. Typically 

added according ^ "7* " — " ~ - ~ • 

ao* or Md enUe JS^t^T^ q " eS,,0n - E ^ - - «*- as 
bafore or durtng the mixing steo TJT.TT' ""^ ,0m *" a,i ° n 18 added 

. --ess :^=--^ a ^ 

The anamicmbia, poiypep.de ma^be ^27r h, " ,B an ' ma,0,et 
• amounte Woaaoa ranges,: 0.0,-200; or 0.0,-100^0^ ,oo * f °" 0Win9 

poiypep^r P ^fi a :rd bi i p r Me prote,n - * - — — 

an^orobia, polypepdde is — « - — 

•9 a relevant assay (see under antimicrobial 

- CM _ 
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need to p^ „ mJ^S^^tTT " ^ ' h ' S ~* <"° 

at potypepttde from the feed compositton or the additive). 

Pre-.reat.ent c a^eTfa Jca arT " 3 ^ ^ ""*»*» ^ *» 

a^inaae. a aa^e^ ^ianaT ' ' ° e " UlaSe - 3 PeCUnase ' a an 

(«u* as a haiope^ase, *" ^ <SU * 88 8 *~ >• and/or a peroxidaee 

seieJ^TeTot, 8 "^ ** « * °™e * - 

The p-j^^rr" r pro,9in en9,neered - 

Protease or a Jsinle pl^ T ? * an aiKatine «*»*■- 

»ose derived ™£r?rJZ!Z " "T ^ " —** 

•Win (e.g. of porcine or bovine JlTandTf . ^ °' *»*•» <«*— are 
and WO 94/25583. ■» WO 89/06270 

or mote of the foitov.ng Z I 2^ 5 7 T^J*** ~ 
W. 218. 222, 224. 235 and 2tT ' ' ^ * ^ W ' 1M > ™' ™- ™- "0. 194. 
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Lrpases: Suitable lipases Include those of bacterial or fungal origin. Chemically 
modified or protein engineered mutants are included. Examples of useful lipases include 
l-pases from Humicola (synonym Thermomyces), e.g. from H. lanuginosa (T. lanuginosa*) as 
described in EP 258 068 and EP 305 216 or from H. insolens as described in WO 96/13580 a 
Pseudomonas lipase, e.g. from P. alcaligenes or P. pseudoalcaligenes (EP 218 272) P 
cepacia (EP 331 376), P. stutzeri (GB 1.372,034), P. fluorescens, Pseudomonas sp. strain SD 
705 (WO 95/06720 and WO 96/27002), P. wisconsinensis (WO 96/12012), a Bacillus lipase 
e.g. from B. subtilis (Dartois et al. (1993), Biochemica et Biophysica Acta. 1131. 253-360) B 
stearothetmophilus (JP 64/744992) or S. pumilus (WO 91/16422). 

Other examples are lipase variants such as those described in WO 92/05249 WO 
94/01541, EP 407 225. EP 260 105, WO 95/35381, WO 96/00292, WO 95/30744' WO 
94/25578, WO 95/14783, WO 95/2261 5, WO 97/04079 and WO 97/07202. 

Amylases: Suitable amylases (alpha and/or beta) Include those of bacterial or fungal 
ongln. Chemically modified or protein engineered mutants are included. Amylases include for 
example, alpha-amylases obtained from Bacillus, e.g. a special strain of B. licheniformis, 
described in more detail in GB 1,296,839. 

Examples of useful amylases are the variants described in WO 94/02597 WO 
94/18314, WO 96/23873. and WO 97/43424, especially the variants with substitutions in one 
or more of the following positions: 15. 23. 105. 106, 124, 128. 133, 154, 156, 181, 188 190 
20 197. 202, 208, 209, 243. 264, 304, 305, 391, 408, and 444. 

Cellulases: Suitable cellulases include those of bacterial or fungal origin. Chemically 
modified or protein engineered mutants are included. Suitable cellulases include cellulases 
from the genera Bacillus, Pseudomonas, Humicola, Fusarium, Thielavia, Acremonium, e.g the 
fungal cellulases produced from Humicola insolens, Myceliophthora thermophila and Fusarium 
oxysporum disclosed in US 4,435,307. US 5,648,263, US 5,691,178, US 5,776.757 and WO 
89/09259. 

Especially suitable cellulases are the alkaline or neutral cellulases having colour care 
benefits. Examples of such cellulases are cellulases described in EP 0 495 257 EP 0 531 
372. WO 96/11262, WO 96/29397, WO 98/08940. Other examples are cellulase variants such 
as those described in WO 94/07998. EP 0 531 315, US 5,457,046, US 5.686,593 US 
5,763,254, WO 95/24471 . WO 98/12307 and PCT/DK98/00299. 

Peroxidases/Oxidases: Suitable peroxidases/oxidases include those of plant bacterial 
or fungal origin. Chemically modified or protein engineered mutants are included. Examples of 
useful peroxidases include peroxidases from Copnnus, e.g. from C. cinereus, and variants 
thereof as those described in WO 93/24618, WO 95/10602, and WO 98/15257. 

The detergent enzyme(s) may be included in a detergent composition by adding 
separate additives containing one or more enzymes, or by adding a combined additive 
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comprising all of these enzvme* a^. 

or a coined edd«v,. ^J^T " «° ■* a separate addillve 

decent «, formutetJonl ^ ' s 3 a a siuny. etc. Preferred 

5 Non-dusting granulates may be produced en »« ,r , 

4.661.452 and may opflonally De laSTT^l h US 4 ' 106 ' M1 and 

coating materia,* are poWeLene^d.,7 T , **■ EXamples * 

nrotar eights ot 1000 to CrioC te r U ?H (POlye,hy ' ene8,yC0 '' PEG) «*> ™ a n 
o*de units; ethoxyteted JtZZTZZTTT ^ * * 50 

10 atoms and ,„ there Z,TTmJT 12 <° 20 — n 

mono- and * and Wy^"Z Te ^ ** ac * a nd 

suited tor W»JZ£ZZJ2T' ^ ° f fl,,,, - ,0nrtn9 — « »~* 
preparattone may, toJ^^JZTT ™ *™ GB 1483 ^- "M- aniyme 
sugar or sugar atooho. tocTa^oT. ? ^ 3 ^ "** 88 glycol, a 

■ i—, aeXra°r^ 

^-ypresentalatevetoriraiCo^r * ~ - 

or en ieest sir rr;: — - — 1 * - ~ « 

5 "»« -* as^r. e-M-oratKenyL^ralrroT 

ai-^iygiycosHe. a^^,^ ^ZSTL T'T" 
add monoethanolamide. polyhydroxy alkvl LtvTvT ™noethanolamlde. falty 

' glucosamine Cglucamides'. ^ amide ' W ^ ^yl derivatives of 

The detergent may contain 0-65 % of a deteraon. h ..»w 
-"fc. diphosphate, triphosphate ohosZ ! . " agent such as 

alhylenediaminetee^ceacaTd dthvT, ' ^ acid. 

35 The detergent ; " 



me aeiergent may comprise 
carboxymethylcellulose, poly( V lnvl D vrrolidnnJ ,* ^ are 
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n-eic/ac* add copCymers and buiyl ^ Waay „c acid copofrreere ■ 

sucH as^Tj ZZlTr'" 9 ^ "** ^ ™ ' "« ~- 

or a phenyl boronic acid derivative such « ^ , u 9 " at '° borate ester ' 

soi^suspending aaenfc 2 ~T- ' antl-corresfon agents. 

^,^~r«:;rr on a9ems ' * • 

25 

EXAMPLES 

reagen" U96d " " ^ — — — P"** - a, teas, 

30 EXAMPLE 1 

■' g'Pnfrq of synthetic g^no encoding Cnti 

In order to produce the antimicrobial polypeptide Cat1 ^po in Mr> ox < 
3 S ac,M,y assays, a syn,ne«c 9 ane was reade nZed^t ^""^ 

vector pET31b+ (Novagen Inc ) The avnOHo ™ expression 
ollgonucaowes ,P rime r1 and Pdn^, 9 " ^ * *•*»* **« 
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Synthetic gene encoding Cat1 (SEQ id N070V 

GGC CTG CTG CGC CGT CTG CGf s> n ' 

* L L R R ^ « « AAG ATT GGC AAA AAG CTG AAG AAA 
5 KK1G KKl Kk 
ATT GGC CAG AAG ATT AAA rrr a™ 

I G Q k t »^ ATT CTG GTG CCG TAG 

Primen (SEQ ID NO:72)- 

GAGATTATT CCAGAAGATT AAACCGATTC GCATTCTGGT GCCGTAGCTC 

Primer2 (SEQ ID NO:73): 

CTGAATAAT ^GCGCAGACG GCGCAGCAGQ CCTTCCGCCG GATCCAGCAT 

«esc*ed by the rCSLSTlT p COnStrUCt in PET31b+ P 1 ™*^ - 

^..litc^c err 0 *" ,nc °- An s,andani ~ — 

o loamorook, Fnlsch, and Manlatls. 1989). 

^BfeaBaaaggaBa boats r 

sequent by au ^Z^T-TT " ™ (Q,AQEN ■*> and 

mated sequencing „s ln9 p las mld specific primes (Priors end Prime*,: 

Primer3 (SEQ ID NO:74): 
30 TGCTA GTTAT TGCTC AGCGG 

Primer4 (SEQ ID NO:75) : 
ACCGT AGTTG CGCCC ATCG 
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100 mM NaCI. pH 8) and Ivsed h„ „ 

^^MBmZ^T ZT 0500 ^ «~ was 

S). A,, standard pnotoco.s nave J ^ 2^' ~ Tdt ° nX " 10 °' ^ ™ ^ 
1989)- SCnb6d e,SeWh6re CSambioak. Fritsch, and Manfatis 

5 

^tetlof LofCatl from g „ A// inC | lift| np h ^ 

,o r ■—«»«« m I* mM ; H 9 2 TT n9 cati - ,ndusion , — 

degrees Celsius. Resutting supernatant ^ V ' ' nCUbated oveml 9 ht « «S 

the peptide was treated wfm a gtutamtf end^l? , ^ 10 ""^ "» 

«•* wes co*,™ J J^SS* 6 Ttta 
15 ^^tographlc procedures. ^ and P"*** by standard 

Antinjjgcfflg] nrtivlrn bv Ncn e 

compounds. „eLd a br^ sp j^tr;: ~ - ™°< 

*o Susc^ Test5 for J^^?* * 0a » < M ^ for DMon Amimlcrobia, 

-CCUS document M7-AS «,1 tl^, ^ ^ EdW °"- 
susceptible to Cat! ( MIC <e4 Mg / ra |v aJ»T J^ 09 baC,6 " a strains 
(ATCC9341), Stspn^ JTIS^^"* - **» 

Pseudomoros serosa (ATCC27853) BonZl ! En ' eroCOCC " s fe "*»'* (DSM2570), 

and Prefer mirabffis (ATCC70O2) Win JmvT? Sa *"°'K><«a cnotemesufe (DSM9220) 

tbe, ^ aciC '^7*^ °^ * h « ** 

anting, po^es , , mmuno , ^ J » for endogenous 

, forming units (CPU)) were added to 10 ml of „ J , baCteria < 10 " 

agarose. 0.03% TrypscasesoybJn lol .^'T" (1% '°" 
» Suspenston was eoHdmed on pH 7 ' 4 ' 37 <^as Ce'stos). 

*■ Puncherwas used to make h I^up ^ ""«» «— -X A 3 mm 



1U328.000-DK 



35 



overlay was poured on toD anH , , 

Antral actMty JLTastCr 0Ve "" 9h ' W 7 " 5 * *-* 

counted by adding 10 m . T """ ,he «* was 

diphe^,^^^,^^ mM (3.(4. S-D^w^.^ 5 . 

4*ftm*» (DSM1798). Entoococcs faeca/?s J* TCC »*>7>. Staphytococcus 
" (ATCC27853). Sorfade*, ^ e ^aT™T " h ~ 

KfepsMa pneomon/ae (ATCC10031) tL <W f 4817>> &eft »'** «* CATCC10538). 
n*a<*s(ATCC7002>. 0ne " 8 *•«"—«* (DSM9220) and Proteus 

15 EXAMPLE 2 

Evaluation rt f a ^ mirr9hin| ^ ^ 

app»ca U on WO <Wl " 1 <* ■*»>— Paten. 

— s srtrr.r.rrr a2% 9iurose an < 

and ampicillln (loo pgtal) and differ™, J . RM COntainin9 °- 2% 9'!™™' 

* was monitor by oo^Z^T **• ^ 9row,h 

Bedmn Corporation) at Mel^ 30 * , , ° MiC,Obi0l09y reader <™"» 

percent of grow ih mLon wL^lToT 7" COmPOSi " 0n, • 
of each sample divided by the end rw„» ™ CS " CU ' ateci 33 ** en<l P°">t OD measurement 

| 1 _ sample OD-hlar.n->p s 
I. control vector OD-blank OdJ* 100 
■ where "btank OD- corresponds to the OD of an empty wefl 

- TablesT. Se<lUenCeS " ^ ' ^ ~ vadants are „s«d 



Table 1. 
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Amino acid sequence 



SEQ 
10 

NO: 



Growth inhibition 
using 0.01% 
arabinose 




!!e2?5!^^KKiGLVIKHlSi^" 



12 



13 
14 



15 



16 
17 



94 



96 



94 



96 



96 
94 



Table 2. 



Amino acid sequence 



SEQ Growth inhibition 



10 
NO 



us/ng 0.1% 
arabinose 

53 



18 



94 



19 



91 



20 

2lT 



97 
94 



90 
97 
92_ 
94 



Growth inhibition 
using 0.1% 
arabinose 



100 

100 

100 

100 

100 

100 

~99~ 



99 



'100 



100 



100 



100 



100 



92 



10328.000-DK 



MGRFRRFRKKIGGKLKK IQQv^n. P ^T 



27 



IMGLVRRFRRKIGKKLKKIGQHKAIRKLV P^ 
MGLLRRLRRKIGKKFKK IGQVIKHi p„, v/ D ~ , 32 



MGLFRRLRGKIGKKLKKIGQKIKAIRILVP | 33 
MGLFRRLGKKIGKKLKKFGQVIKHIRilvp 1~^a 
MGLLRRLGKKIGKKFKKFGQVIKAtji^ 
MGLFRRLGRKIGKKLKKIGQVIKHtRILVP 
J^jgUf ^KiEKKLKKYGPKIKALRl^ 
j!!gg!!^ ^K»GKKLKKIGQVIKHLRl^ 
MGLFRRFGK K IGKKLKKIGQVIKALRILVP 
j^!f ^KiGKKLKKFGQLIKALRl[^ 
MGLLRRFWKKtGKKLKK FGQKlKPi p*. x/p , 41 



MGLLKRLRKKIGKKLKKIGQMIKHIRILVP 
J^l!^^?5^1^!^^^^GQKI^LRK^P I 45 
j^GLFRRLRRKIGKKFKKFGQKIKPLR KLVP | juT 
MGLFRRFWKKIGRKLKKIGQKIKPLQlLVp " 
M GU-RRLWKKIGRKFKKYGQVIKHlRj^ F 
MGLLRRLGRKIGKKLKKIGQKIKA1RILVP 
MGLLRRFRNKIG KKLKKIGQKl^P. P ^ V p 



MGL^KKlRRKIGKKFKKFGQVIKPLRKLV p" 
MGRLRRLGKK(GEKLKKFGQ M .^. P .7T^" 



53 



54 



MGLLRRFRKKIGEKFKKFGQKIKNIRILVP"" . 55 

iS^pj^f!^!?^ fie" 



MGLLRRFRKKIGKK LKKYGQKIkHi p.. up 



57 



Table 3. 



96 



95 



95 



96 



79 



95 



84 



89 



79 
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Amino acid sequence 






SEQ 
ID 

NO: 


Growth inhibition 

I us inn n fHo/ 

arabinose 
(%) 


Growth inhibition 
using 0.1% 
arabinose 

(%) 




3 


65 ~~ 


68 




59 


93 


100 




60 


85 


99 




61 
62 


[ 89 
94 
95 


98 




63 ] 


98 
99 




64 1 


~~92 


99 




65 


91 


99 




66 I 


92 


I uu 




67 | 


90 


100 




68 


91 


100 




69 


86 


QQ 



The results shown in Tables i o aB ^ , , 
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CLAIMS 



Xi - L or R; Y - i w t 

v =LviflrP X 2 -L,V,lorF : X 3 «RorK; 

X4-L.V,lorF; X 5 = R, K , W or G; y - K R ' M KI 

X7 = G,R,KorE; Xa = G R k.c - K, R, G, M, N or E; 

10 X^KorR; X -Tl p o X9 = LOrF: 
X,3 = Q.R,LorP; '! ^ 

X 16 = lorL; x rhq ~ ° f 

15 

^^^^ 

wherein ' 

20 X, = LorR; y _, , _ 

X.-LVInrF. X 2 -L,V,lorF; X 3 = RorK; 

*< L.V.IorF; X 8 = R,K.WorG; X.-K R r m k. b 

X7 = G,R,KorE; v _ r „ „ ' Xe - K, R, G, M, N or E; 

v „ X e - G, R, K or E; X 9 = LorF- 

X 10 = KorR; x „ . 9 L °rF. 

^RorX^-K-X^e-X.-X^ ' X »" G ' A -T; . 
25 wherein 

X 13 = Q.LorP; x . K , 

X 16 = iorL; X-buo 1 ~ ° r ' 

a 17 ■ R, H, Q or P; v« = I nr k- 

30 

LT^rr^zrr am,no acw ~ — — - - - 

wherein 

35" X,isLorR; y • , _ 

is L or F; x rk , X3 ' 8ROrK: 

Xa is K, R or E; X.isLorF,- 
-42- 
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10 



X 10 ISKorR; y . 

*n is I or L: y u a 

X12 is A or T. 

4. The polypeptide of claim 2 comnr* ■ 

most two amtoo acids tmtJm!^ *" ^ "*' Whlch * « 

when* ***** K *' < »*«^^ 
Xi = Lor R; y - i w . 

^o.r.kote; x.= e : R . KorE; t\* R F G,HNorE; 

x,.»,.F. Cw y : x„. Q . LorP: x- K F M1 . 

X.3 = P.A.H.NorD; x, 4 = l0rL; v K ~pL: 

X 18 a i or K. Xts = R . H, Q or P; 



30 suitable host. d ' r6Ct the P rod ^tion of the polypeptide in a 

m 1 1- A ^ccmblnan, has. can coa^ the nuclelc ^ ^ ^ ^ ^ g 
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(b) recovering the polypeptide. 

' • '3. A oo.posN.cn comprising an antimicrobial polypeptide as denned ,n any of Calms 1-7. 
14. The compose ^ 13 . ^ ^ ^ ^ ^ 

18. An antimicrobial polypeptide as denned in any of claims 1 7 w 

veterinarian or human therapeutic or prophylactic age* 88 " an ~ ial 

2" 19. Use of an antimicrobial polypaptide as defined In anv of cfa.™ , 7 , 

preparation of a veterinarian or h,™=- ... 1-7 for use ln 816 

•nfectlonorforpn.phZcTse ^ ^ ** «» frea,me "' - « ™ 



25 



« /^sr po,ypeptide as defined ,n any ° f — 1 - 7 - — - — n 9 

* — - -n transformed . a nudeoUde 
ng po.ypept.de hav,ng ant.m.crobla. activity as defined in any of claims 1-7. 



30 22. Use of at least one antimicrobial polypeptide as d*r,n»H i 

feed. MU'ypepiiae as defined in any of claims 1-7 



in animal 



3S 



23. Use of at least one antimicrobial polypeptide as definpH i„ . * . 

Potion of a composition for use in animal " ^ " "* 

24. An animal feed additive comprising 

(a) at least one antimicrobia, polypeptide as defined in any of claims 1-7; and 



10328.000-DK 



(b) at least one fat soluble vitamin, and/or 

(c) at least one water soluble vitamin, and/or 

(d) at least one trace mineral, and/or 

(e) at least one macro mineral. 



25. The animal feed additive of claim ...hi,.* * 

galacfcnase. and/or beta^canl ^ *— ■ 
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ABSTRACT 



invention also relates to miri-in ~- . polypeptides. The 
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SEQUENCE LISTING 

<110> Novozymes A/S 

<120> Antimicrobial Peptides 

<130> 10328. 000-DK 

<160> 75 

<170> Patentln version 3.1 



Patent- og 
Varemaerk« 



«*tyre/$en 



t 1 JUHl 2003 
Modtaget 



<210> 
<211> 
<212> 
<213> 

<220> 
<223> 

<220> 
<22l> 
<222> 
<223> 



1 

29 
PRT 

Artificial 



Synthet 



ic 



antimicrobial peptide 



MISC FEATURE 
(2).. (2) 

Xaa = leucine or arginine 



<220> 

<221> MI SC FEATURE 
<«2> (3).. ( 3 ) 

< »» Xaa . le « cine . isoleucine _ vaUne or phenylalaaliie 
<220> 

«221> MISC FEATURE 
<222> (4).. ( 4 ) 

<223> xaa = arginine or ly Si „ e 
<220> 

-=3> xa« . leuclne , lsoleucln6i vallM ^ phenylalajiine 
<220> 

<221> MISC FEATURE 
<222> (7) .7(7) 

<223> xaa = arginine. tryptophane or glycine 



<220> 
<221> 
<222> 
<223> 



MISC_FEATURE 
(8).. (8) 

iT^^' "^^ine, glycine, methionine, 



asparagine or glutam 



<220> 

<221> MISC FEATURE 

25: ,ii '"<»» 



<220> 
<221> 
<222> 
<223> 



Xaa = glycine, lysine, arginine 



or glutamic acid 



MISC_FEATURE 
(12) . . (12) 

Xaa = lysine, arginine, glycine 



or glutamic acid 



<220> 

<221> MISCJPEATURE 

<222> (14) (14) 

<223> xaa 



leucine or phenylalanine 



<220> 

<221> MISC FEATURE 

<222> (15)7. (15) 

<223> xaa = lycine or arginine 



<220> 
<221> 
<222> 
<223> 



<220> 
<221> 
<222> 
<223> 



MISC_FEATURE 
(17) 7. (17) 



Xaa = leucine, isoleucine, phenylalanine, 



cysteine or tyrosine 



MISC_FEATURE 

da) I . (is) 

Xaa = glycine, alanine 



or threonine 



<220> 

<221> MISC FEATURE 

<222> (19)7. (19) 

<223> Xaa 



9lutamine, arginine, leucine 



or proline 



<220> 

<221> MISC FEATURE 
<222> (20) i . (20) 

Xaa , l y8ine/ leucine, isoleucine, methionine 



<223: 



or valine 



<220> 
<22l> 
<222> 
<223> 



<22.0> 
<221> 
<222> 
<223> 



MISC_FEATURE 
(23) .. (23) 

X.. - proiln.. sla » ine , histlaiMi a8pa „ 9 . ae ^ aepartio 



MI S COFEATURE 
(24) . . (24) 
Xaa a isoleucine 



or leucine 



<220> 

<221> MISC FEATURE 

<222> (25).. (25) 

<223> xaa = arginine, histidine, glutamine or proline 
<220> 

<221> MISC FEATURE 

<222> (26)7. (26) 

<223> Xaa * isoleucine or lysine 



<400> 1 

*aa xaa Xaa ^ xaa Xaa Xaa z. ys n e * aa Xaa Lys Xaa ^ 

10 15 



- 2 - 



Xaa xaa Xaa Xaa lie Lys Xaa v, fl „ 

2Q xaa Xaa Xaa Xaa Leu val Pro 

25 



<210> 2 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 
<220> 

<221> MI SC FEATURE 
<222> < 2 ) . . ( 2 ) 

<223> xaa = leucine or arginine 
<220> 

<221> MISC_PEATURE 
<2 |2> (20).. (20) 

K Xaa = ^ine, leucine, isoleucine m «^> • 

isoieuoine, methionine or valine 

<220> 

<221> MISC_PEATURE 
till* < 23 >" (23) 

<223> xaa => proline, alanine hlM-i*- 

anine, hastxdme, asparagine or aspartic acid 

<220> 

<221> MISC_FEATURE 
<222> (24)7.(24) 

<223> xaa = isoleucine or leucine 
<220> 

<221> MISC FEATURE 
<222> ( 2S )T. (25) 

< 23> xaa - arginine, histidine, gi utamine or prolinfi 
<220> 

<221> MISC FEATURE 
<222> (26)7.(2 6 ) 

<223> xaa * isoleucine or l ys i„ e 
<220> 

<221> MISC FEATURE 
<222> ( 3 , .7(3) 

< > Xaa = xeucine, isoleucine, valine or phenylalanine 
<220> 

<221> MISC FEATURE 
<|22> ( 4 ) .7(4) 

<223> xaa » arginine or lysine 
<220> 

<221> MISC FEATURE 
<2 22> (6).. (6) 

«,3> X.. . leuclM , isoleucioei vaune ^ pheayiaunine 



- 3 - 



<220> 

<221> MISC_FEATURE 

<222> (7) .7(7) 

<223> Xaa o arginine, tryptophane or glycine 
<220> 

<221> MISC FEATURE 

<222> ( 8 ) .7(8) 

<223> u'.oid 1 '" 1 ' 1 "' -thiooin.. , Bp . r , glnc or glutam 

<220> 

<221> MISC_FEATURE 
<222> (11).. (11) 

<223> xaa = g l ycine , lysine , arginine ^ ^ 
<220> 

<221> MISCJFEATURE 

<222> (12) ( 12 ) 

<223> xaa « lysine, arginine, glycine 
<220> 

<221> MISC FEATURE 

<222> (14).. (14) 

<223> xaa = leucine or phenylalanine 
<220> 

<221> MISC FEATURE 

<222> (17).. (17) 

< 223 > xaa = isoleucine, phenylalanine, cysteine or tyrosine 
<220> 

<221> MISC FEATURE 

<222> (19)7. (19) 

<223> xaa « glutamine, leucine or proline 

<400> 2 



or glutamic acid 



Gly Xaa Xaa Xaa Arg Xaa Xaa Xaa Lys He x M v a r 

1 5 ys Xaa Xaa Wb Xaa Lys Lys 

Xaa Gly Xaa Xaa He Lys Xaa x** Yaa v 

<= xjys Aaa xaa Xaa Xaa Leu Val Pro 

25 

<210> 3 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide (Catl) 
<400> 3 

«y Leu Leu ^ fg tau « g Lys Lys my ^ ^ 

10 15 



- 4 



He Gly Gin Lys Ile Lys Pro Ile ^ ^ ^ ^ 

25 

<210> 4 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 4 

oiy u. l« Arg jr., u. Arg 01y ty . 01y Lys Lys ^ 

10 15 

lie Gly Gin Lys H e Lys Ala lie Arg Lys Leu Val Pro 

25 

<210> 5 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 5 

My Leu Leu Arg Arg Ph. Arg lys Lya 01y „ ly ^ ^ ^ ^ 

10 15 

Tyr Gly Gin lie He Lys His Leu Arg He Leu Val Pro 

2 5 

<210> 6 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 
<400> 6 



?1 y Leu Leu Arg Arg Leu Arg Arg Lys „. oly Qly ty . Le „ Ly8 Lys 

10 15 
Phe Gly Gin Lys He Lys Pro Leu Arg Lys Leu Val Pro 

25 



<210> 7 

<2ll> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 7 



«y >*u u. *rg f9 ^ lya ^ ne siy Lys ^ ^ ^ 

10 15 

«» My G!„ g. ne Lye Hie He ^ „. Lau Val ^ 



<210> 8 

<211> 29 

<212> prt 

<213> Artificial 

<220> 



<223> Synthetic antimicrobial peptide 

<400> 8 

«y »- l. ly . f9 leu 01y irg ^ Qiy Ly> ^ ^ u ^ 

10 15 
«>. Gly 01 „ Lya ne Lys „ e ^ Ko 



15 



<210> 9 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 
<400> 9 

« V AT, P„e Lys f9 Pte Itp L „ lyo „ e My ^ ^ ^ ^ 
"e G!y oin Met Leu Ly. Pro n. Arg n. val pr „ 

2 5 

<210> io 
<211> 29 
<212> pj^iji 

<213> Artificial 
<220> 

<223> synthetic antimicrobial peptide 

<400> io 



«y «-e» „ Ly8 Jrg teu te3 Lya Lya „ e aiy ^ Lya lm ^ ^ 

He 01y p ro Lye Ile Lya Hia Ua irg ty9 ^ ^ ^ 



<210> xi 

<211> 29 

<212> prt 

<213> Artificial 



- 6 - 



<220> 

<223> Synthetic antimicrobial peptide 
<400> 11 



Gly Leu Leu Arg Arq phe Tm Mot- T 

x 9 s 9 5116 Trp Met *y* ne Gly Gly Lys Leu Lys Lys 

10 15 

^ ^ ° ln ^ t "« **> Ar 3 ,eu v.! Pro 

2 5 

<210> 12 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 
<400> 12 

f* ^ ^ »r 9 t .„ ^ ^ lys aly oiu Lye ^ ^ l ^ 

10 15 

*>» <ny oi» v,i n, Ly , ala ^ Ile Mii vil pro 

2 5 

<210> 13 

<211> 29 

<212> prt 

<213> Artificial 

<:220> 

<223> synthetic antimicrobial peptide 
<400> 13 

«y ^ ta9 ^ leu ^ ^ Lys aiy ^ ^ ^ 

*Vr Gly oin Lys xie L y S Ala Le» tog Lys Leu Val prQ 

25 

<210> 14 

<211> 29 

<212> PR T 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 14 

«X Ar,, Phe Rrg f3 Phe ^ Lys Ly , oly ^ ^ ^ 
a. Gl y Leu val ». lyB His „„ ^ ^ ^ ^ ^ 



7 - 



<210> 15 

<211> 29 

<212> p RT 

<213> Artificial 

<220> 

^223> Synthetic antimicrobial peptide 

<400> 15 



«v u. u. ftrg p. Mu „ ^ tya oly ^ ^ ^ ^ 

10 15 

sly «. Ly. xi. x. ys Hi . „. Rrg Ile _ yal pro 



<210> 16 

<211> 29 

<212> PRx 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 16 



«y - ,eu ^ Leu arg ae „ hys ^ Lya ^ ^ 

15 

Phe Gly Gin Lys lie Lys Ala ti« k 

2 r Ala Xle Arg ll e Leu Val Pro 



<210> 17 

<211> 29 

<212> prt 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 17 



18,1 - r° "» *» «- o ly ^ lys leu Lys 

i0 15 

Tyr 81y 81n v.l XI, x. ya Hia xeu Ar g xle Leu VaX P ro 

<210> ie 

<211> 29 

<212> prx 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 18 

«r u. Pte x,yo f9 teu teg Lya Lya oly Lys iyB 

15 



Phe Gly Gin Lys lie Lys p ro T o„ * 

2 y e i.ys Pro Leu Arg Lys Leu Val Pro 



<210> 19 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 19 



" V ^ 419 ~ «* - - g. «» , y . Lya > ys 

15 

81y JT "* »*■ «■ «- *. Lys wu val „„ 



25 

<210> 20 

<211> 29 

<212> prx 

<213> Artificial 

<220> 

<223> Sy „ th etic antimicrobial peptide 

<400> 20 



?1V S" ~ - - - - «r ^ Lwa ty . , ys 

15 

^ G1 " JT «•» »» «- «W L.„ V.1 Pro 



<210> 21 

<2ll> 29 

<212> pRx 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 21 

«y l- «, f9 che to9 icg Lys oiy ^ ^ ^ ^ 

15 

«y i- m« Ile ly . Pto LM lye Leu vai 



<210> 22 

<2ll> 29 

<212> prx 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 



- 9 - 



<400> 22 



«V U. Leu Ly. *, 9 Phe ^ oly ^ ^ ^ ^ ^ ^ ^ ^ 

>* «y cm Leu „. Ly. „, Ils ^ n . leu pro 



25 

<210> 23 

<2ll> 29 

<212> pRT 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 23 



? * - PH. te9 _ ^ Lys ^ ^ ^ ^ 

15 

He Gly Gin Leu He Lvs at* ti * 

2q xe i.y S Ala He Arg H e Leu Val P ro 



25 

<2l0> 24 

<211> 29 

<212> prx 

<213> Artificial 

<220> 

<^> Synthetic antimicrobial peptide 

<400> 24 



Gly Leu Leu Arg Arg Phe Gly Lys Lvs Tl. m , 

1 s y i,ys Lys lie Gly Lys Lys Phe Lys Lys 

15 

*V» «y «. „. Ly „ ^ teu ^ ^ ^ ^ ^ 



25 

<210> 25 

< 2 U> 29 

<222> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 25 



«y L.U Leu Ly. f9 Leu ^ lya Lys flly Lys ^ ^ ^ 

15 

«. Oly «, Ly. rl . „ ro Ile Arg Ly , ^ 

9 c 



<210> 26 
<2ll> 29 



10 - 



<212> prx 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 26 



Gly Leu Leu Ar 9 Arg Phe Gly Aro Lv, -m- 

! s * xy Arg Lys lie Gly Lye Lys p he Lys Lys 

15 

"* ST ». - L y . teu val 



<210> 27 

<211> 29 

<212> prt 

<213> Artificial 



<220> 

<223> Synthetic antimicrobial peptide 

<400> 27 

«r - ^ ^ ^ Arg lya ^ Ly> Lya ^ ^ 

15 

Tyr Gly Gin Lys lie Lya Ala ti» a r 

2 £ e uya Ala lie Arg Lys Leu Val Pro 

25 

<210> 28 

<211> 29 

<212> prt 

*213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 28 



«y «, ». «, j, Phe M3 Ly . Ly . aly oly Lys ^ 

15 

n. oiy «, v.i n. r.y. *3 P lle ^ ne ^ val pro 



<210> 29 

<211> 29 

<212> PR T 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 29 



Gly Arg Phe Arg Arg Phe Arg Lys Lvs n„ „i , 

1 5 9 UYB hyB *J e G1 y Lys Lys Phe Lys Lys 

15 

^ Oly G ln M.t ne Lys Ma Leu tog Ile Leu v.! p ro 



- 11 ~ 



20 25 

<210> 30 
<211> 23 
<212> PRT 
<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 30 

«y ax 9 u. Arg « 9 Phe Alrg Lyo Lys oiy ^ ^ ^ 

10 15 
He Gly oi„ jj t Ile Lys His ^ ^ ^ ^ ^ ^ 

2 5 

<210> 31 
<21X> 29 
<212> prx 
<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 
<400> 31 



«y *« v.! * rs f3 Phe ^ ^ Ly . 01y tys Lys ^ ^ 

10 15 

a. «, om g. I1(s ly8 Ma Ile ^ Ly> ieu vai ^ 



<210> 32 

<211> 29 

<212> prx 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 32 



fly ^ teg fa ^ ^ M9 Lys Gly iys ^ ^ ^ 

10 15 
He Gly Gin Val lie L ys His r,eu Arg I,y S Leu Val Pro 

1C 



<210> 33 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 33 



- 12 - 



«r «- «» jr, „ „ Gly tya Bly Lya ^ ^ 

1U 15 

«e «, ox„ g. „. Lyo „, n . nB wu ^ ^ 



<210> 34 

<2ll> 29 

<212> Prt 

<213> Artificial 



<220> 

<223> Synthetic antimicrobial peptide 
<400> 34 



-» ». ^ j, Len Gly lya Lya aiy tys Lya Leu ^ 

15 

^ ™" S 1 " e ^ " iS "« »« V» Pro 



<210> 35 

<211> 29 

<212> prx 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 35 



Gly Leu Leu Arg Arg Leu Gly Lys Lys n e nw r r 

l 5 y uys ^ys lie Qly Lys Lys Phe Lys Lys 

15 

^ Oly «. v.x lle Lys u , Mu ne ^ v ^ ^ 



25 

<210> 36 

<2ll> 29 

<212> prt 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 36 



«Y «- Phe »» ^ leu 01y ^ Lya My ^ ^ mu ^ 

15 

"e 01 „ v ;1 a. Lys Hi8 Ile Atg ne ^ ^ 



<210> 37 

<211> 29 

<212> prt 

<213> Artificial 



- 13 - 



<220> 

<223> Synthetic antimicrobial peptide 
<400> 37 

Gly Leu Leu Arg Arg Leu Arg Lys Lya He Glu Lys Lys Leu Lys Lys 
1 5 10 15 

Tyr Gly Pro Lys He Lys Ala Leu Arg Lys Leu Val Pro 
20 25 

<210> 38 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 38 

Gly Arg He Lys Arg Val Gly Glu Lys He Gly Lys Lys Leu Lys Lys 
1 5 10 15 

He Gly Gin Val He Lys His Leu Arg He Leu Val Pro 
20 25 

<210> 39 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 39 

Gly Leu Phe Arg Arg Phe Gly Lys Lys He Gly Lys Lys Leu Lys Lys 
1 5 10 15 

He Gly Gin Val He Lys Ala Leu Arg He Leu Val Pro 
20 25 

<210> 40 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 40 

Gly Arg Leu Arg Arg Phe Gly Lys Lys He Gly Lys Lys Leu Lys Lys 
1 5 10 15 

Phe Gly Gin Leu He Lys Ala Leu Arg He Leu Val Pro 
20 25 
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<210> 41 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 41 



Jly Leu Leu Arg Arg Phe Trp Lys Ly s n e olv T „ e r T 
1 5 * Y& Ql y L V S L ys Leu Lys Lys 

10 15 

«» my Gin Ly. ne Ly e Pro Leu Pro tys lau m pro 



<210> 42 

<211> 29 

<212> prt 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 42 



«V »r a P„e Srg fg Lau My „ lys gly ^ wu ^ 

10 15 
Gly G ln y ;1 Ile ^ „. Ile irg ne ^ 



<210> 43 

<211> 29 

<212> prt 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 43 

Gly Leu Phe Arg Arg Phe Gly Lys Lys lie niv t m r , 
1 5 Y y Gl y h Y B L ys Leu Lys Lys 

10 15 

He Gly Gln Lys lle Lys pro ne ^ ^ v ^ p ^ 

25 

<210> 44 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 
<400> 44 

Gly Leu Leu Lys Arg Leu Arg Lys Lys Ile Glv r ♦ 
1 5 a y ys *~ e Gly Lys Lys Leu Lys Lys 

10 15 



- 15 - 



I 



He Gly Gin Met lie Lye His Tl« *~ 

2o ys has lie Arg He Leu Val Pro 

25 

<210> 45 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 
<400> 45 

fy «- Phe ^ alu Lys „. 01y Lys Lys ^ Lya 

10 15 
*Vr oiy Gin Lys lie ^ His Leu Arg Lys ^ Val Pro 



<210> 46 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 46 



oiy Ph. ^ ^ Leu arg ^ Lys My tys ^ ^ ^ s 

10 15 
*he Gly ol„ Lya Ile Lys Pro Leu ^ ^ 



<210> 47 

<211> 29 

<212> PRx 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 47 



«y U. Phe Arg ?rg P„e Trp ly , Lys ;le My Arg Ly , ^ 

10 15 
He Gly Gl„ u . Lys prQ ^ ^ ^ ^ ^ 



<210> 48 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 



- 16 - 



<400> 48 

Gly Leu Leu Arg Arg Leu Trp Lys Lys lie Gly Arg Lys Phe Lys Lys 
A 5 XO is 

Tyr Gly Gin val He Lys His He Arg Lys Leu Val Pro 
20 25 

<210> 49 

<2ll> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 49 

Gly Leu Leu Arg Arg Leu Gly Arg Lys He Gly Lys Lys Leu Lys Lys 
1 5 10 is 

He Gly Gin Lys He Lys Ala He Arg lie Leu Val Pro 
20 25 

<210> 50 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 50 

Gly Leu Leu Arg Arg Phe Arg Asn Lys He Gly Lys Lys Leu Lys Lys 
l 5 10 

He Gly Gin Lys He Lys Pro He Arg Lys Leu Val Pro 
20 25 

<210> 51 

<211> 29 

<212> PRT 

<2X3> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 51 

Gly Arg Phe Lys Arg Leu Arg Lys Lys He Gly Lys Lys Phe Lys Lys 
1 5 10 15 

He Gly Gin Lys He Lys Asp He Arg Lys Leu Val Pro 
20 25 

<210> 52 
<211> 29 
<212> PRT 

- 17 - 



15 



<213:> Artificial 
<220> 

<223> Synthetic an t i microbial pepti<Je 



<400> 52 



fy - Phe ^ f9 Ile Arg srg lys My Lyo ^ ^ ^ 

15 

«- «y «. v.! a. ,y. Pro le „ f3 Ly« Leu val Pto 



<210> 53 

<211> 29 

<212> prt 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 53 



«r l- teg „ , L , u 01y Lys Lys 01y glu ^ im ^ 

15 

Phe Gly Gin Met He Lvs ti * 

2Q xxe Lys His He Arg lie Leu Val Pro 



<210> 54 

<2lls. 29 

<212> prx 

<213> Artificial 

<220> 

^223> synthetic antimicrobial peptide 

<400> 54 



?V - U. „ f3 „ 01y , y „ Ly . My lys ^ ^ ^ 

15 

Cys Gly Gin Val He Lvs Ala ti* a 

2o a© Lys Ala He Arg n e Leu Val P ro 



25 

<210> 55 

<211> 29 

<212> PR T 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 55 



Jly Leu Leu Arg Arg Phe Arg Lys Lys He G i v m T 

i 5 y *ys Lys n e G ly Glu Lys Phe Lys Lys 

15 

- «, «. g. Ile lye fts „ na „ g ne ^ yai ^ 



- 16 



<210> S6 

<211> 29 

<212> prt 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 
<400> 56 

? xv r- u. irs f , leu _ „„ Lys Giy Lys ^ ^ ^ 

15 

«. «y Oln jj. n.^ Pro Ile Ly . ^ vh ^ 



<210> 57 

<211> 29 

<212> Prx 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 57 



« V L- teg > rg Phe _ Lys „. 81y Lys Ly , 

15 

Tyr Oly OX„ jj. n . Lys „ u ^ ^ ^ ^ 



<210> 58 

<211> 19 

<212> prx 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<220> 

<22l> MISC FEATURE 

!?5? a <2)..(2) 

Xaa » leucine or arginine 



<223> 



<220> 

<221> MISC FEATURE 
<222> (3).. ( 3 ) 

Xaa = leucine or phenylalanine 



<223> 



<220> 

<221> MISC_FEATURE 

<222> (4) .7(4) 

<223> xaa = arginine or lysine 
<220> 

<221> MISC.FEATURE 

<222> ( 6 ) .7( 6> 



- 19 - 



<223> 



Xaa « leucine or phenylalanine 



<220> 

<221> MISC FEATURE 

<222> (7) .7(7) 

<223> xaa » arginine, lysine or g iycine 



<220> 

<221> MISC FEATURE 
<222> ( 8 ) .7(8) 
Xaa 



<223: 



arginine, ly Sine or glutamic acid 



<220> 

<221> MISC FEATURE 

<222> (11)7.(11) 

<223> xaa » glycine or lysine 



<220> 
<221> 
<222> 
<223> 



MISC_FEATURE 
U2) 7. (12) 

Xaa = l ysine/ arginine or glutamic acid 



<220> 

<221> MISC FEATURE 

<222> (14)7. (14) 

<223> Xaa 



leucine or phenylalanine 



<220> 

<221> MISC FEATURE 

<222> (l 8 )7. (18) 

<223> Xaa 



alanine or threonine 



<220> 

<221> MISC FEATURE 

(15)7.(15) 
<223> xaa = i ysine or arginine 



<220> 

<221> MISC FEATURE 

<222> (17) . . (i 7) 

<223> xaa » isoleucine 



or leucine 



<400> 58 

Oly Xaa xaa xaa f9 xaa xaa Xaa ty8 „. Xaa Xaa ly . ^ ^ 

10 15 

Xaa Xaa Arg 



<2lo> 59 

<2li> 19 

<212> prx 

<213> Artificial 

<220> 



20 - 



« 



<223> Synthetic antimicrobial peptide 
<400> 59 




He Ala Arg 



<210> 60 

<211> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 60 

Gly Leu Phe Arg Arg Leu Lya Arg Lys lie Gly Arg Lys Phe Lys Lys 
5 10 IS 

He Ala Arg 



<210> 61 

<211> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 61 

Gly Leu Leu Lys Arg Leu Gly Arg Lys He Gly Lys Lys Phe Lys Lys 
1 5 10 1S 

He Ala Arg 



<210> 62 

<211> 19 

<212> PRT 

<213> Artificial 



<220> 

<223> Synthetic antimicrobial peptide 
<400> 62 

m Gly Leu Leu Arg Arg Phe Arg Lys Lys He Gly Lys Lys Leu Lys Lys 
1 5 io 15 



*- He Ala Arg 



<210> 63 



- 21 - 



1# 



<2ll> 19 

*2l2> PRT 

<2l3> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 63 

Oly Leu Leu Arg Arg Leu Arg Lys Lys lie Gly Lys Lys Leu Lys Lys 

10 15 

He Thr Arg 



<210> 64 

<211> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 64 



Oly Leu Phe Arg Arg Leu Arg Lys Lys He Gly Lys Lys Leu Lys Lys 

10 15 

He Ala Arg 



<210> 65 

<211> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 65 



Oly Leu Phe Arg Arg Leu Lys Arg Lys n e Gly Lys Lys Leu Lys Lys 

10 15 

He Ala Arg 



<210> 66 

<211> 19 

<212> prt 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 66 

Gly Leu Leu Lys Arg Leu Gly Arg Lys lie Gly Lys Lys Leu Lys Lys 

10 15 
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He Ala Arg 



<210> 67 

<2ll> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 67 

Gly Leu Leu Arg Arg Phe Arg Lys Lys He Gly Lys Lys Leu Lys Lys 
5 10 15 

He Thr Arg 



<210> 68 

<211> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 68 

Gly Leu Leu Arg Arg Leu Arg Lys Lys He Gly Arg Lys Phe Lys Lys 
He Ala Arg 



*210> 69 

<2li> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 69 

Gly Leu Phe Arg Arg Leu Arg Lys Lys He Gly Lys Lys Phe Lys Lys 
5 10 15 

He Ala Arg 



<210> 70 

<211> 90 

<212> DNA 

<213> Artificial 

<220> 

<223> synthetic Catl gene 
<220> 



- 23 



<221> CDS 
<222> (1) . . ( 90 ) 
<223> 

<400> 70 

:g cgc cgt ctg cgc aag aaa . . 

48 



ggc ctg ctg cgc cgt ctg cac aaa 

«y Leu u. ^ Jr9 J £ «f £ j£ ^ .„ „ g s .„ 

s if? a 5! s s: s s s s a si «• " 

25 



<210> 71 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic Catl gene 

<400> 71 



«y ^eu ,eu Arg fg LeU Ar g Lys Lys 1X Qly Lys Lyg ^ ^ ^ 



io 15 



He Gly Gin £s He Lys Pro lle ^ ^ Leu ^ ^ 

2 5 

<210> 72 
<211> 129 
<212> DNA 
<213> Artificial 

<220> 

<223> Primer l sequence 
<400> 72 

«ta tt ca 9 a t 3 ct 99 atc<= 99 = 39 „ 33c c^ct^c ^ctgogca. 3 a. 9 at tg9 c 

— a 3 aaaa tt93 cc . gaagatt aaacogattc ^ 

gagattatt 

<210> 73 

<211> 129 

<212> DNA 

<213> Artificial 

<220> 

<223> Primer 2 sequence 
<400> 73 

aataatce,*, a 3 ct,= 99ca cca 3 a. t9 c 9 aa t c 99t «a atc tt « 99 c c,a«ttctt 
ca 9 ctt«t 9 ccaatcttct t g c 9 ca 3 ac 3 3 c 9 ca 9 ca 39 c=ttcc 9 cc 9 9 a t cca 9 cat 
ctgaataat 

<210> 74 
<211> 20 
<212> DNA 



60 
120 
129 



60 
120 
129 
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<213> Artificial 



<220> 

<223> Primer 3 sequence 
<400> 74 

tgctagttat tgctcagcgg 

<210> 75 

<211> 19 

<212> DNA 

<213> Artificial 

<220> 

<223> Primer 4 sequence 
<400> 75 

accgtagttg cgcccatcg 



